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SUMMARY 
This stud}' develops a sequence of yearly plans 
which provide optimum 5-year farm programs for a 
lOO-acre farm under three alternative conservation 
situations. The lBO-acre farm is located on the Ida-
Monona soil association of western Iowa. In each 
of the 5-year plans, famil), living or household con-
sumption is considered to be an "exogenous" activity 
because an "exact" capital allowance for this activity 
must be met each year. Family living, therefore, com-
petes with farm production in the use of available 
operating capital. In each optimum plan, capital 
generated from crop and livestock production in any 
one year is used for farm production and household 
consumption for the following year. Dynamic linear 
programming is used to obtain the optimum farm 
plans. 
Two dynamic linear programming models ( the 
expansion model and the rotation model) were de-
veloped. Each model allows the programming of t 
years of activities and restrictions. The models, there-
fore, should extend the magnitude of farm problems 
which can be analyzed by dynamic programming 
approaches. 
The three conservation situations studied are as 
follows: Situation I - a lBO-acre farm on which crops 
are not assumed to be fertilized and cropland is not 
assumed to be terraced and contoured. Situation lI-
the same as Situation I, except crops are assumed 
to be fertilized. Situation III-a lOO-acre farm on 
which crops are assumed to be fertilized and cropland 
is assumed to be terraced and contoured. 
The various soil types on the lBO-acre farm are 
combined to form two soil productivity classes: Land 
A, a "low" productivity class, and Land B, a "high" 
productivity class. In each situation, average man-
agement, adequate machinery and hay and grain 
storage facilities are assumed. Only one price level 
is assumed. Also, in each situation, $9,900 of capital 
for operations and family living is available in the 
first year. In each of the other years (years 2, 3, 4 
and 5), however, the amount of capital available is 
a funclion of the returns obtained from farm pro-
duction the preceding year. All future returns are 
discounted back to present value. No capital is as-
sumed to be borrowed. 
The crop enterprises considered in each situation 
include all possible combinations and rotations of 
corn, oats and hay for a 5-year period within the 
following limits: (I) not more than 3 years of con-
tinuous corn or hay, (2) only 1 year of oats and 
(3) no hay following com. Noncrop enterprises in-
cluded in each situation are: a two-litter hog system, 
deferred-fed calves, grain buving and household con-
sumption (or family living). The technique of dynamic 
programming caused each of the 5 years in each 
situation to be interrelated. Hence, the crop and live-
stock plan in anyone year depends upon crop and 
livestock production in previous and future years. 
This is so because the activities included in the plan 
for anyone year are those activities which will maxi-
mize profits for the 5-year period after allowances 
have been made for expenditures for family living. 
In all three situations, Land A was used mostly 
for hay production and Land B for corn production 
over the 5-year period. Hay was grown on Land B 
only to supplement hay production on Land A or 
to meet the cropping limitations assumed. In the 
early years of each plan, forage was grown on Land 
A to build up productivity. Corn was grown on Land 
A in the latter years of each plan after the productiv-
ity had been increased through forage production. 
In Situation I, because fertilizer and terracing and 
contouring were not included, crop yields were rela-
tively low, and a larger proportion of Larid A and 
Land B was required for forage production to meet 
the livestock forage feed requirements than in the 
other two situations. Also, because yields were low, 
more corn was purchased for feed and less was sold 
for cash in Situation I than in situations II and III. 
Thus, by using fertilizer or fertilizer and terracing 
and contouring, it was possible to decrease forage 
acreage in situations II and III, while maintaining 
soil productivity. 
Under the pricing system used, hogs were more 
profitable than cattle. Accordingly, the maximum num-
ber of hogs allowed by available hog building space 
or capital was produced each year. (Capital restricted 
hog production in year 1 of Situation III.) Thus, 
deferred-fed calves were included only after crop and 
hog production. In year 1 of Situation I, because 
family living, fertilizer and terracing and contouring 
were not included, more capital was available for 
livestock production than in year 1 of situations II 
and III. As a result, 33 head of cattle were included 
in year 1 of Situation I, whereas in year 1 of situations 
II and III the larger capital requirement of crops, 
plus the capital requirement for family living, caused 
cattle numbers to be reduced to 4 head and 0 head, 
respectively. In the latter years of each situation, 
capital was a nonlimitational resource, and the number 
d cattle included in each plan increased. 
Net returns for the 5-year period were highest 
when fertilizer and terracing and contouring were 
included. Returns were lowest when neither fertilizer 
nor terracing and contouring were included. The in-
clusion of crop fertilization increased total farm re-
turns much more than did the inclusion of terracing 
and contouring of cropland. Return per $1 on invest-
ment was greatest, however, for terracing practices 
and the hrm reorganization attached to them. House-
hold consumption did not restrict the adoption of 
ten-acing and contouring in year 1 of Situation III. 
Household consumption did restrict hog and cattle 
production in year 1 of Situation III and cattle pro-
duction in years 1, 2 and 3 of Sihlation II. 
The above results point up several important con-
siderations for future conservation planning: (1) The 
same crop and livestock plan should not be recom-
mended each year if profit maximization over time is 
the relevant goal. (2) In long run conservation plans, 
the years should be interrelated so that changes in 
!'esource structure (particularly in the accumulation 
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of capital and the change in soil fertility) may be 
incorporated into the conservation plan. The recom-
mended plan thus should provide step-by-step yearly 
plans which do give consideration to the level of 
capital and soil fertility. (3) Household consumption, 
as well as farm production, should be considered 
in making conservation recommendations. (4) Live-
stock should be "fitted into" the plan to utilize for-
ages produced, and (5) because different farms vary 
in size and amount of resources available, different 
conservation plans should be recommended for dif-
ferent farms. 
Use of a Dynamic Model in Programming 
Optimum Conservation Farm Plans 
on Ida-Monona Soils! 
BY WESLEY G. SMITH2 AND EARL O. HEADY 
Establishing soil conservation plans on farms re-
quires time. Several years must elapse before new 
seedings and mechanical erosion control practices 
can be established and have their full effect on yields 
and income. A farm which has been heavily cropped 
must devote a sequence of years to adjusting from 
the present system to a conservation system. For the 
first year, land which has been in row crops must 
be planted to oats, with a grass seeding. In the 
second year, additional hay may be produced, and 
livestock herds will need to be increased to utilize 
it. Additional equipment and buildings may be re-
quired. Terraces, dams and similar structures may 
be applied in the first and latter years. The main 
yield-increasing effects of new rotational systems and 
mechanical practices will not be realized short of the 
4-6 years required to complete a crop sequence. 
Accordingly, the opportunities in income and the 
capital requirements for any additional livestock, made 
possible from different cropping practices, will be 
spread over a similar number of years. Typically, 
perhaps, income declines in the years immediately 
following initiation of a conservation plan, even 
though the system may eventually increase annual 
income. 
These adjustment problems are especially complex 
in the Ida-Monona soil area of western Iowa. On the 
average, farms are small relative to the income needed 
for family living, debt reduction and capital accumula-
tion. To meet annual financial commitments, many 
farm families mav not be able to withstand a decline 
in income for 4 - or 5 years, if this is required for 
establishing a conservation plan. Little is known, how-
ever, about the effects of family living requirements 
and capital limitations on the best farm plan over 
time. This study has been made to explore the inter-
actions of system of farming, capital level and family 
living requirements over time. 
Several economic studies of soil conservation 
practices have been made in the Ida;Monona soil area 
·of western Iowa. a These studies, however, have not 
1 Project 1085, Iowa Agriel11tural nnd Home Economics Experiment 
Station. This projrct was flnanct'd hy a !trant from the Tenn"s«'" VaU .. y 
Authority. 
'Fonnerly researeh assistant at Iowa State University and now assistllnt 
l'rofessor at the University of Delawarr. 
"See: Ross V. Baumann, Earl O. Heady and Andrew R. Aandahl. 
Costs and returns for soil-conserving systenlS of fanning on Ida-Monona 
.soils in Iowa. Iowa Agr. EX!.'. Sta. Res. Bul. 429. 1955~ A. Gordon 
Ball Enrl O. Heady and Ross V. Baumann. Economic evaluation of 
• (footnote 3 continued next column) 
specified the transition adjustments over time which 
a farmer must make in adopting a final conservation 
plan. What is needed is a series of intermediate, or 
transition plans, as well as the final conservation 
plan. In this study, a series of yearly plans covering 
a 5-year period is developed. The plan for each year 
is the best possible plan in terms of the 5-year opti-
mum, considering the capital available and the need 
for funds for family living. Because the plans are 
only for a 5-year period, they do not represent final 
conservation plans. Rather, they are intermediate or 
transition plans indicating how the necessary adjust-
ments toward a final conservation plan can be made 
over a 5-year period. Dynamic linear programming 
techniques have been used to obtain the optimum 
?-year plans. 
The plans are optimum only in the sense that 
they allow profit to be maximized while not exceed-
ing the capital and labor available and while pro-
viding annual income withdrawals to meet family 
living expenses. 
Under actual farm conditions, the length of time 
required for a farmer to attain the final conservation 
plan will be a function of the resources available. 
Hence, the time required will vary with the productiv-
ity of the land, the farmers capital and equity 
position, his managerial ability and the supply of 
labor. Additionally, the type of conservation program 
and the time involved in adjusting to it will depend 
upon the relatiVe marginal return of capital invested 
in conservation practices, as compared with the return 
on the same capital invested in nonconservation 
practices. 
THE AHEA AND PHOBLEM 
The Ida-Monona soil association consists of strongly 
rolling hills and loessial soils which were originally 
fertile and which are productive when managed 
efficiently. On many farms, however, soil productivity 
has been progressively diminished by erosion. Loss of 
(footnote 3 continued) 
use of soil conservation and improv{~1"I\el1t practices in western Iowa. 
U. S. Dept. Agr. Tech. Bul. 1162. 1957~ Gerald W. Dean, Enrl O. 
Hendy, S.M.A. Husain nnd E. H. Duncan. Economic optima in soil 
conservation farming and fertilizer use for farms in the Ida-Monona 
soil area of westenl lawn. lawn Agr. and Home Econ. EX!.'. Stn. Res. 
Bu!. 455. 1958~ S.M.A. Husa'n. Optimum resOUrce a'location for 
('rosion control fanning on Ida-Monona soil.. Unpublished Ph.D. 
th .. s;s. Iowa State University Library, Am ... s. 1957. 
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fertile topsoil through sheet erosion has been particu-
larly great in some areas. Gully erosion is serious be-
cause of the topography and vertical structure of 
the Ida-Monona soils. Some gullies, now over 100 
feet deep, cut back several hundred feet each year. 
Consequently, roads, bridges, fences and farm build-
ings must be relocated frequently. More serious than 
the qeep gullies are the small gullies and depressions 
which develop in cultivated fields. It is estimated 
that the annual loss of soil in the area averages about 
20 tons per acre. o1 On some farms, it is as high as 60 
tons, an amount equivalent to nearly If.! inch of topsoil. 
Farm practices common in the area intensify soil 
losses by erosion. Com is the main crop grown. While 
many farms are operated on a cash-grain basis, the 
farms generally have livestock enterprises organized 
around the com and oats produced. When rotations 
do exist, they commonly include 2 years of com, 
1 year of small grain and 1 year of hay. Even then, 
row crops frequently are planted up and down hills, 
on slopes exceeding 15 percent. 
Various soil conservation practices, such as con-
touring and terracing, contour strip-cropping, sodded 
waterways, improved rotations and permanent seed-
ing of steep land are needed on most farms in the 
area. Such practices would help conserve soil re-
sources, reduce damage from Hoods and maintain 
or augment the low farm incomes through time. 
OBJECTIVES 
The general objective of this study is to determine 
optimum farm plans over a period of years-with 
optimum. again referring to profit maximization -
within the restraints of available capital and family 
living requirements. In this sense, we wish to deter-
mine which crop and livestock enterprises and con-
servation practices are optimum over a series of years 
for farm families that have varying amounts of capital 
and must provide annually for living expenses. Does 
a family which has little capital have to follow an 
exploitive cash and row crop system to provide funds 
for living from its limited capital? If so, what is the 
appropriate pattern of crop and livestock enterprises 
over time when capital accumulation can, or cannot, 
take place? How are optimum time plans altered as 
the fann family acquires more capital? These are the 
types of questions which the analysiS is designed to 
answer. More specifically, the objectives of the study 
are: 
1. To determine optimum 5-year plans which re-
sult in alternative levels of conservation for typical 
l€O-acre, owner-operator farms on Ida-Monona soils. 
2. To determine, for each of the 5 years, the best 
possible crop and livestock plan at different levels 
of conservation, after first taking into consideration 
funds required for household consumption. 
3. To determine the effect of (a) requirements for 
household consumption (or family living) on the 
optimum rate of adoption of conservation practices 
• John C. Frey. Some obstacle. to soil erosinn control in western lown. 
Iowa Agr. Exp. Stn. Res. Bul. 391. 1952. 
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and (b) present and future incomes, as household and 
farm business compete for funds at different capital 
levels. 
4. To interpret the results of the dynamic pro-
grams in terms of: (1) recommendations on conserva-
tion to farmers with different amounts of capital and 
(2) conservation and nonconservation investment op-
portunities as compared with cropping and livestock 
opportunities, when funds are limited. 
5. To develop applications of dynamic linear pro-
gramming methods which may be useful in further 
analysis of conservation and time problems in farm-
ing. 
The last specific objective is largely methodological. 
Nevertheless, it is considered one of the more im-
portant objectives of the study. While it has been 
discussed in abstract mathematical form in recent 
years, large-scale application of dynamic linear pro-
gramming has not been made in economic problems, 
particularly in those of farming. As a result of the 
experience gained in this study, methods h'lVe been 
developed for the IBM-650 which permit fairly simple 
computations of relatively large-scale dynamic pro-
gramming problems at a reasonable cost. Several 
months of experimenting with programming routine, 
model construction and coding procedures were re-
quired to attain this end. 
TECHNIQUE OF ANALYSIS 
Two dynamic linear programming models are used 
in determining 5-year plans for alternative conserva-
tion situations on l60-acre farms in the Ida-Monona 
area. The mechanical conservation alternatives studied 
include: ( 1) no crop fertilization or terracin~ and 
contouring of cropland, (2) crop fertilization but no 
terracing and contouring of cropland and (3) crop 
fertilization and terracing and contouring of cropland. 
Numerous rotations could be used in attaining any 
of these alternatives. 
In each conservation alternative studied, the cost 
of family living (household consumption) is con-
sidered to compete with the farm business. A con-
sumption activity is necessary in view of the fact that 
not all capital forthcoming as income from a year's 
farm production will be available for further produc-
tion-some must be used for family living. Further-
more, family living is considered to take precedence 
over farm production in the allocation of available 
capital. 
METHOD OF DYNAMIC LINEAR PROGRAMMING 
The technique of dynamic linear programmin~ per-
mits the programming of activities and restrictions 
for t years (where t is a finite number). Outputs 
of anyone year in the program become inputs for 
the following year. Thus, activities in each of the t 
years are interrelated. In the optimum t-year plan 
obtained, the plan for each year represents the best 
or most profitable plan in terms of the t-year opti-
mum. 
The first model used for dynamic linear program-
ming solutions, the expansion model, treats individual 
crops and noncrop enterprises as activities, That is, 
crops are not introduced into the programming model 
as rotations, but are considered as single crops, Hence, 
individual crops can be placed in any time sequence 
which is required for the optimum plan. 
The second model, the rotation model, treats crop 
rotation and single (or individual) noncrop enterprises 
as activities. Both models involve time and employ 
similar computational procedures and algebraic struc-
ture. The models differ only in the form of the in-
put-output matrix. Since details of the rotation and 
expansion models are outlined elsewhere," only a brief 
outline of the algebraic procedure for dynamic pro-
gramming is presented here. The equations shown 
apply to both the expansion and rotation models, 
Denote the year of the program (i.e" the year in 
which the activity or restriction occurs) by the sub-
script k, where k=1,2, , . " t; the number of the row 
(or restriction) by i, where i= 1, 2, , .. , m; and the 
number of the column (or activity) by j, where i=1, 
2, .. " n. Let element aljk represent the unit require-
ment or the output of the ith activity for the ith 
resource in the kth year; Xjk the level of the ith activity 
in the kth year; bik the level of the ith resource in 
the kth year and Cjk the net revenue of the jth activity 
in the kth year, The dynamic linear programming 
model can be expressed as in the relationships of 
equations 
alllxll + ' ,. + aljlXjl + alj':!Xj'2 + 
+ alntXnt L bll 
a21lXl1 + . .. + a2jlXjl + a2j'2Xj'2 + 
+ a2ntXnt L b21 
al11XU + '" + a\j1Xjl + aij'2Xj'2 + 
+ alntXnt L. bll 
aU2X12 + '.' + alj2Xj2 + alj'2Xj'2 + 
alntXnt L. bl2 
a\lkXlk + ,.. + aljkXjk + aij'k'Xj'k' + ... 
+ alntXnt L bik 
amltXlt + ." + amjtxjt + amj,tXj't + ... 
+ amutXnt L. bmt 
(1) 
where k = 1, 2, .. " t; i = 1, 2, , .. , m; i = 1, 2, ' , " n; 
and where i ¥= i' and k ¥= k'. The objective is make 
f(X) = CllXll + C21X21 + .'. + CjkXjk + ", 
+ CntXnt (2) 
a maximum, subject to the non-negative condition 
Xjk ::::.. O. (3) 
To facilitate solution of the system and to maximize 
the objective, which is profit in this case, we introduce 
.S For details of the rotation model and a fuIler explanation of the 
-expansion model see: Wesley G. Smith, Dynamic linear programming 
of conservation alternatives, including household consumption. Unpublish-
.ed Ph,D, thesis, Iowa Stale University Library, Ames, 1958, pp, 7-31. 
m "slack" or "disposal" variables, and the inequalities 
of the relationships in equations 1 are replaced with 
the equalities in equations 4. The variables Xjk (i = 11 
+ 1, n + 2, ' , " n + m) is a "slack" variable because 
it accounts for the excess of the right-hand side of 
equations 1 over the left-hand side, We now have r 
activities where n + m = 1', and j now has the range 
j = 1, 2, "" r, The input-output coefficients, cor-
responding to the "slack" variables are in the form of 
aljk = 1 (i = 1, 2, .. " m, and j = n + 1, n + 2, ' , " 
n + m) 
where i = j - n, and 
aljk = 0 
where i =1= j - n 
which is an identity matrix. The "slack" vectors thus 
change the inequalities in equations 1 into equalities 
in equations 4 at a cost of introducing m additional 
non-negative unknowns. The "new" set of equations is: 
alllXn + a121X21 + .,' + aljlXjl + 
+ alrtXrt = bll 
a2UXU + a221X21 + , .. + a!!jlXjl + 
+ a2rtXtt b21 
aUIXIl + al2lXil + .,' + aij1XjI + 
+ al,tx.t = bi! 
ai12X12 + ai!!2X12 + '" + alj!!Xj2 + 
+ alttXtt = bl2 ( 4) 
allkXlk + al2kX2k + '" + aUkXjk + ." 
+ airtXrt = b1k 
amI tXt t + am!!tX2t + ", + amjtXjt + ." 
+ amrtXtt = bmt 
where Xjk ::::.. 0, and we maximize 
f(X) = ~ CjkXjk 
where Cjk is the discounted value of Cjk, the net price 
of the jth activity in the kth year, computed as 
Cjk = Cjk (1 + r) -k 
where l' is the market rate of interest. In computing 
the Cjk, no interest rate has been subtracted where 
capital might be borrowed. Most farmers do use bor-
rowed capital, but the amount is variable between 
farms. Hence, the net income figures presented later 
would need to be adjusted downward to account for 
the amount of capital borrowed by an individual 
farmer. 
Equations 4 and the condition Xjk ::::.. 0 guarantee 
that no activity will be carried on at a negative level. 
The discount equation considers that a farmer's capital 
could be loaned at market rates, as well as used for 
farming . 
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In the expansion model, many of the aljk coefficienl~ 
in equations 1 and 4 are zero. In fact, the aljk co-
efficients for all real activities, Xjk where j L. n, will 
normally be zero in any year (k) which does not 
correspond to the year being considered. For example, 
if the activities and restrictions in year 3 are being 
considered (i.e., k = 3), then the aljk coefficients in 
years where k =;6 3 normally will be zero. The aljk 
values are zero because activities and restrictions in 
years 1, 2, 4, 5, ... , t are separated from the activities 
and restrictions in year 3. If the activities in year 3 
include interyear intermediate products (outputs of 
1 year which are inputs of the following year), how-
ever, the corresponding aUk coefficients of year 3 
activities that are opposite the resource restrictions 
of year 4 will not equal zero because they are outputs. 
These outputs (aljk coefficients) thus will necessarily 
have a negative sign. Hence, all aljk coefficients of 
year 3's activities opposite years 1, 2, 4, 5, ... , t will 
be zero, except those aUk coefficients which represent 
transfers of outputs from year 3 to inputs for year 4. 
Furthermore, all coefficients representing outputs, 
whether within anyone year or between 2 years, 
have a negative sign, because they add to available 
resource supplies. Similarly, all inputs, aljk coefficients, 
within a year representing resource requirements 
have a positive sign, because they subtract from avail-
able resource supplies. Other coefficients are zero. 
More specifically, interyear transfers in capital and 
feed supplies are accomplished as follows: Let Pj be a 
column vector of resource requirements as indicated 
in equation 5. All elements in the kth lear are positive, 
except those representing transfer 0 feed from field 
crops to feed supplies. In year k + 1, all elements 
are zero, except for the capital restriction where the 
corresponding element aljk + 1 is negative and of 
the magnitude 1. In all aljk + 2 coefficients, however, 
the elements of the k + 2 year are zero. Thus, if 
capital is represented by the second restriction (a2jk), 
then we have a2jk > 0, a:ljk+l = 1 and a2jk+2 = O. 
P'j = (a\jk a2jl, ... amjk aljk+l a2jk+l '" am jk+l 
aljk+2 a2jk-/-2 ... amjk+2) (5) 
FARM PROGRAMMING SITUATIONS 
The application of the dynamic linear programming 
model is made for the 160-acre, owner-operator farms 
with different alternatives in conservation.o The farm 
situation represents the Ida-Monona soil association 
in western Iowa. This study is a continuation of 
previous studies on the same area.7 For this reason, 
some of the background on the farm situations and 
the area analyzed has not been included here. 
Optimum 5-year plans have been computed for the 
following situations: 
Situation I: 160-acre farm without crop fertiliza-
tion and without the land being 
terraced and contoured. 
6 Optimnm 5-year fann plans nrc presented in the appendix for a 280-
acre fann on the Ida-Monona soil area. 
7 Husain, 01'. cit., 1'. 2; and Dean, Hendy, Husain I\Ild Duncan, op. cit .• 
p. 2 . 
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Situation II: 160-acre farm with crop fertilization 
but without the land being terraced 
and contoured. 
Situation III: 160-acre farm with crop ferilization 
and with the land terraced and con-
toured. 
In each situation, average management is assumed 
for crop and livestock production. Fertilizer in situa-
tions II and III is considered to be applied to corn, 
oats and second-year hay at a single rate.8 Only one-
price level is used in programming all situations. 
The programming solutions for these situations were 
computed with an IBM-650 Magnetic Drum Process-
ing Machine. A modified simplex method developed 
by Herman O. Hattley and Dale D. Grosvenor of the 
Department of Statistics, Iowa State University of 
Science and Technology, was used. 
FARM HESOUReE SITUATIONS 
Becam.-e farm resources are not present in unlimited 
supplies, it is necessary to define the restrictions 
which limit the plan in each farm situation analyzed. 
The resource restrictions which limit the optiml.lm. 
time plans are presented below. 
LAND 
Land is one of the most important resource re-
strictions in western Iowa. An average 160-acre farm 
includes 143 acres of cropland. The remaining 17 acres 
are in farmstead, roads, fences and wasteland. Be-
cause of the magnitude of the programming problem, 
it was necessary to hold land restrictions to two 
categories of soils. The various soil types were classi-
fied into two groups-Land A and Land B. Table 1 
shows the classification of cropland by soil type and 
slope of land. Table 2 shows the composition of Land 
A and Land B. Because of restrictions on the size-
of the mah'ix which could be handled by the IBM-650, 
it was not possible to use more soil groups in the, 
programming. 
The farm situation considered in this study includes 
48.6 acres of Land A and 94.4 acres of Land B. Land 
A consists of 65 percent Ida and 35 percent Monona 
soils. Land B is made up of 5 percent Ida, 58 percent' 
Monona and 37 percent Napier soils. Because of the 
~ Infonnntion on tht- ~inp;lc rutl.' uf ft"rtili:.t;ution-the nltc necessary to-
obtain the estimated crop yields used in this study-was obtained in 
1957 from F. F. RieckeD, W. D. Shrader, J. T. P""ek, F. 'V. Schaller. 
J. J. Hanway Rnd R. C. Prill of the Del'tlrtment of Agronomy. Iowa. 
State Univ .. rsity of Science and Technology, Ames, Iowa, and from 
D. F. Slusher of th .. Soil C'lns .. rvation Service, Ames. Both the estimated 
crop yields and th.. fIlte of fertilization were detennined by ti,,,,,,,, 
members of the Department of A!(ronomy, Iowa State. 
TABLE 1. CLASSIFICATION OF CROPLAND BY SOIL TYPE ANI> 
SLOPE OF LAND. 
Percent 
slope 
interval Ida 
Soil Type 
Castana Monona 
-----.-~----.------- -------
0-6 .. 2.8 
7-14 .. 6.6 
15-20 .. 27.4 
Above 20 .. 1.2 
Total 38.0 
Acrp. 
00 28.0 
00 26.1 
0.0 11.3 
0.0 5.8 
0.0 71.2 
TABLE 2. CLASSIFICATION OF CROPLAND BY SOIL PRODUC-
TIVITY CLASS AND CONVENIENCE OF FIELD OPERATIONS. 
Percent ______ ~~_~~YlJ_" ____ . ______ 
slope ami 
land class Ida Castana ~1()n(n1i\ Nall;,·r. Total 
----_ .. -. .. ... . . _ .. _-_."--
(Pt'I'<:<"T1t) 
LAND A-
0-6 10.41 0.00 0.00 0.00 10.41 
7-14 0.00 0.00 n.33 0.00 11.33 
15-20 . :53.49 0.00 23.74 0.00 77.23 
Ahove 20 1.03 0.00 0.00 0.00 1.0:1 
Total . 64.93 0.00 31;.07 n.on 100.00 
LAND B 
0-6 0.00 0.00 30.41l :36.86 67.34 
7-14 4.92 0.00 22.59 0.00 27.51 
15-20 0.00 0.00 IU5 0.00 5.15 
Ahove 20 0.00 n.oo 0.00 0.00 0.00 
Total 4.92 0.00 58.22 36.86 100.0n 
--~-----. .---~- .--~~-------
differences in soil types and slopes and, therefore, 
productivity levels, corn yields are lower on Ida soils 
and the steeper Monona soils than on Napier soils. 
In classifying the three soil types into two productiv-
ity levels, most of the Ida and Monona soils were 
grouped together to form Land A-the "low" pro-
ductivity soil class. Land B consists of the majority 
of more level Monona and Napier soils. In grouping 
the soil types into soil productivity classes, it was 
necessary to consider field size. For example, rather 
than put 3 acres of group B soil in a separate field 
because of the location, they would be included with 
the adjacent group A soils. Hence, Land A does not 
consist entirely of "low" productivity soils, nor Land 
B of "high" productivity soils. 
LABOR 
The labor supply on the lBO-acre farm consists of 
that provided by the operator and oth~r family mem-
bers. The operator supplies 260 hours each month. 
The family is considered to supply. 2B hoUl's in each 
of the months January through April and October 
through December, 130 hours during each of June, 
luly and August and 40 hours in each of May and 
September. The family labor supplies are in terms 
of an operator-equivalent basis. That is, the lahor 
shown is assumed to be, on an hourly basis, as 
efficient as operator labor. The labor supply is assumed 
to represent the modal labor situation for 160-acre 
farms in western Iowa. 
Total available hours of labor for each month are 
presented in table 3. Suhgroup totals have been made 
because the labor supply is limiting from March 
through June and from July through November. 
TABLE 3. LABOR SUPPLY AVAILABLE FOR CROP AND LIVE-
STOCK PRODUCTION BY MONTHS. 
J nnunry .... 260 
Ft'bruary .... 260 
March .............. 260 
April .......... _ ..... 260 
May............ . _ 260 
June .. 260 
!,>larch-Jun .. suhtotal 
July .............. 260 
August . . . . . .. 260 
Septemb"r .... . ... 260 
Octoher ............... 260 
Nov,,,,,ber 260 
July-Novemher suhtotal 
Decemb .. r 260 
A \'ailahl<' hour. 
26 
26 
26 
26 
40 
130 
180 
180 
40 
26 
26 
26 
286 
286 
286 
286 
300 
390 
1.262 
390 
890 
300 
286 
286 
1,652 
286 
OPERATING CAPITAL 
One of the most limiting resources of farmers in 
western Iowa is operating capital. Operating capital 
may be defined as that capital not invested in machin-
ery, buildings and land. The amount of operating 
capital available to farmers varies greatly. Even on 
the same farm, the most profitable combination of 
crops and livestock differs with the amount of operat-
ing capital available for production . 
Since the various years are interrelated in dynamic 
linear programming, only operating capital in year 
1 can be specified. The amount of operating capital 
available on the lBO-acre farm in year 1 is $9,900. This 
capital level was selected because it allows all land 
to be cropped in year 1 after a deduction for family 
living has been made.!' Thus, in year 1, $9,900 is 
available for family living and crop and livestock 
production. In years 2, 3, 4 and 5, the amount cf 
available operating capital depends upon the total 
revenue from crop and livestock production in the 
preceding year. Hence, in years 2, 3, 4 and 5, the 
amount of operating capital will vary (except by co-
incidence) under each situation studied. It is assumed 
that no capital is borrowed in any of the 5 years. 
MACHINF.RY AND BUILDINGS 
It is assumed that a complete line of the necessary 
machinery for crop and livestock production is avail-
able and does not have to be purchased out of the 
$9,900 of operating capital. It is also assumed that 
adequate building facilities for crop and livestock 
production are already present. The floor area of the 
building space for hog production is 720 square feet; 
for cattle production it amounts to 1,960 square feet. 
A maximum of 20 litters of pigs and 65 head of cattle 
can be produced in the available building space under 
each situation. Adequate facilities for grain and hay 
stomge and for farm machinery also are assumed to 
be on h.md. 
Total annual fixed costs (taxes, insurance, building 
repairs and depreciation on machinery and build-
ings) amollnt to $2,397.]0 This figure must be sub-
tracted from the net retums figure to obtain net in-
come. Fixed costs are independent of the level d 
crop and livestock combinations selected. 
FAMILY LIVING 
In farming, available operating capital is used for 
both farm production and household consumption 
(i.e., operating capital generally is allocated for family 
living and farm production from the same fund). 
Therefore, not all operating capital is available for 
crop and livestock production. In this study, the 
annual cost of family living (household consumption) 
is assumed to be $3,697. The deduction for family 
living is assumed to represent the cost of family living 
.. An annu,t! deductioll of $3,697 is made from opernting capital for 
family Iivinl( in situations II amI 111. In Situation 1, th.· cost of family 
living is deducted fmm avai:nblc opernting capital in yeaTS 2. 3. 4 and 5. 
'" Taken fTom the 1955 "Iowa Fann Record Summary" for wl'st"rn 
Iowa. TIlt' 1955 total fixed cost farm size group of 140-199 aCres is 
11.",1 I~' an I'stimate for the 160-acre fann 
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for a family of two adults and two children. ll In 
year 1 of Situation I, $9,900 is available for crop and 
livestock production, since it is assumed that the cost 
of family living has already been deducted from 
available operating capital (see footnote 9). In all 
situations, operating capital is used for family living 
before it is used for crop and livestock production 
because family living is forced into the plan by an 
artificially high net revenue. 
PRICES 
The prices used in this study are given in table 4 
and are the same as those used previously.12 Grain 
prices used in this study are somewhat higher than 
those prevailing more recently but are at levels which 
existed when this study was initiated. 
DESCRIPTION OF ACTIVITIES 
The basic programming activities which compete 
for scarce resources are household consumption and 
crop and livestock enterprises produced under differ-
ent practices or methods. The crop enterprises con-
sist of corn, oats and hay crops. The livestock enter-
prises include a two-litter hog system and deferred-
fed calves. Household consumption has been included 
as a basic enterprise or activity because this activity 
is forced into all optimum plans. A larger number of 
livestock enterprises was not included because, from 
previous studies, deferred-fed calves and two-litter 
hog system were found to be the most profitable in 
a plan representing a single point in time, for the 
capital level used. Crop enterprises were handled in 
a special manner outlined in the next section. 
CROP ENTERPRISES AND Y lELDS 
Nlany farmers do not follow a specific sequence of 
crops from year to year. Instead, in any particular 
year, they produce those crops that they think will 
maximize profits for that year, after taking weath~r 
11 Source: Cooperative Extt>t1sion Servict.· ill Agricn1tnrt~ and Home 
Economics. 1955 family living cXl'endituR's of eighty-six lnwa fann 
families. FM-1231. Ames, Iowa. July, 19.56. 
I:!' Dean, Hendy, Husain and Duncan, OJ'. cit., p. 2. 
TABLE 4. PRICES USED IN DETERMINING OPTI!\IUI\I PLAN:> 
ON THE 160-ACRE FARM. 
Unit 
Com (selling) '" ..... bu. 
Corn (buying) ........... hu. 
ants .................... bu. 
Hay ... ' ................ Inns 
Alfnlfa seed ............ .lb. 
Bromegrass seed .......... Ih. 
Nitrogen (N) ............ cwt. 
Phosphorus (P,O.) . . . .. cwl. 
Cattl" supplement ......... cw!. 
lIog supplement ......... cwl. 
Steer ft'Cd,. calves ...... <'wt. 
Choirc fnt cnttle ........ cwt. 
March market hngs ...... cwt. 
Sept. market hogs ......... cwt. 
Old sows ............ cwt. 
Terracing cost ........... ft. 
Conto"ring cost ... ncrt' 
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Purchase 
price 
($) 
1.43 
0.00 
0.43 
0.25 
14.40 
11.00 
4.40 
4.40 
23.68 
0.04 
0.25 
· Selling 
price 
($) 
1.33 
0'.70 
0.00 
26.08 
18.43 
19.87 
16.98 
conditions, expected prices, preceding crops, yields 
and feed requirements into consideration. In this study 
individual crop enterprises are allowed to be fitted 
into sequences so that, within certain limits, all 
possible combinations of corn, oats and hay over a 
5-year period are allowed. The limits for all situations 
are: (1) not more than 3 consecutive years of corn 
or hay may be produced, (2) only first-year oats 
may be grown and (3) oats are used as a nurse 
crop for hay production in years 2, 3, 4 and 5. 
The important aspect of the cropping combinations 
which result from this approach is that every possible 
combination of com, oats and hay (within the pre-
viously defined limits) has been included, whether 
viewed as individual crops in each year of the 5-year 
plans, or as 5-year crop rotations. Thus, by using this 
approach, the most profitable crops are grown in each 
of the 5 years in terms of the 5-year optimum plan. 
It is assumed that by using this approach the plans 
obtained will approximate more closely the decision-
making realm of farmers, than had only several 5-year 
crop rotations been considered as possible crop enter· 
prises. 
The number of possible combinations of corn, oat!i 
and hay can be explained as follows: Let ell repre-
sent first-year corn after 1 year of hay; C12, first-year 
corn after 2 years of hay; Ca , first-year com after 3 
years of hay; Cu , second-year com after 1 year of 
hay; C22• second-year com after 2 years of hay; C23, 
second-year corn after 3 years of hay and Ca third-year· 
corn. Also, let 0 11 represent first-year oats after 1 
year of corn; 0 12, first-year oats after 2 years of corn. 
and 0 13, first-year oats after 3 years of corn. Denote 
first-year hay by Ml and second- and third-year hay 
by M2 and Ms, respectively. Starting with first-year 
corn in year 1, the following 5-year cropping combina~ 
tions are possible: 
lear 1 
lear ;2 
lear 3 
'Y£>ar 4 
Year 5 
If first-year oats are grown in year 1, the following: 
combinations are possible: 
Thar 1 
Year 2 
Year 3 
Thar4 
Year 5 
If hay is produced in year I, the following cropping 
combinations are possible: 
Thar 1 
Thar2 
Thar3 
Year 4 
Thar5 
In addition to the preceding cropping combinations, 
land may be put into permanent pasture or rented 
out (i.e., left in disposal) for one or more years. For 
example, it would be possible to have: Cn - d2 - ds 
- d4 - d5; Cll - C21 - ds - d4 - ds - etc., where 
dl< represents disposal land in year k. The total number 
of possible cropping combinations (including d1 - d2 
- ds - d4 - do) on either Land A or Land B over 
the 5-year period is 52. 
By using this approach, it is assumed that each crop 
produces a specific soil productivity level for crop 
production the following year (i.e., Cll produces a 
different soil productivity level for crop production 
the following year than C21 does). Since the same 
cropping possibilities exist whether viewed as rotations 
or individual crops, either the expansion model or the 
rotation model of dynamic programming will produce 
the same 5-year plan. Nevertheless, 52 distinct rota-
tions or crop combinations must be considered for the 
rotation model on either land type. 
Thus, while there are only two land groups repre-
senting restrictions, there are numerous levels of 
fertility within each of the land groups, and each 
fertility level represents a different restriction. Com 
produced in one year represents a specific crop in a 
,sequence of crops and requires land of a particular 
fertility level in this year. At the same time, the com 
produces land of a different fertility level for the 
next year. Hence, it subtracts from the supply of one 
land restriction in the given year, but adds to the 
supply of another land restriction in the following 
year. The land used by com in the given year will 
be of different productivity than the land produced 
'by it in the next year. The same holds true for each 
of the other crops, or for each other crop activit" 
representing a different year in a sequence (i.e., C!!:l. 
Cu , Cg , etc.). This "interaction" between soil pro-
ductivity supplies or restrictions of different years is 
accomplished by using positive allk values for the re-
quirements of the jth crop activity on the ith soil 
productivity restriction in the kth, or current, year and 
using a negative aijk value for a different soil pro-
ductivity restriction in the k + 1 year. With the 
possibility of h different soil fertility restrictions in 
anyone year, g different crop activities and t years, 
the equations of crop production possibilities take on 
the general form indicated in equations 6. Assume 
the crop activities represented as Xu and X21 draw 
from soil fertility restriction represented as b l1 in 
year 1, but produce the soil restriction represented 
as b l2 in year 2. Similarly, the crop activities repre-
sented by X:l1 and X41 use land from soil restriction 
b21 in year 1, but produce soil of the fertility level 
represented by bl+ l ,2 in year 2; they do not use land 
represented by soil restriction b u in year 1. Thus we 
have 
alll Xll + a121 X!:n + 0 XSI + 0 
X41 + 0 Xijl + ... + 0 XgI = bll 
o Xu + 0 X21 + a281 X31 + [1241 
X41 + 0 x,;} + ... + 0 Xgl = b!n 
- all!! Xl2 - [1122 X22 + 0 X32 + 0 
X42 + 0 Xr.2 + ... + 0 Xg2 = bl2 ( 6) 
o Xl2 + 0 X22 - al+l 32 X32 - al+l 42 
X42 + 0 X52 + '" + 0 Xg2 = bl+ l :! 
o Xlt + 0 X2t + 0 X3t + 0 
x-a + 0 Xat + ... + ahgt Xgt = bht• 
A similar procedure is used in relating the capital 
supplies of one year to those of the next year. 
Crop yield estimates for com, oats and hay by soil 
type and soil productivity class at alternative levels 
of fertilization and terracing and contouring are given 
in tables 5, 6 and 7. In tables 5, 6, and 7, the crops 
(i.e., Cu , C12, etc.) are defined as before. The yields 
are in bushels per acre for com and oats and tons 
per acre for hay. Yields of grain and hay are lower 
on Land A (the "low" productivity soil class) than 
on Land B. 
Table 7 shows the rate of fertilizer application for 
com, oats and hay and table 8, the cost per acre 
of fertilizer application for crop production on Land 
A and Land B. From tables 5 and 6, it is suggested 
that crop fertilization increases yield much more than 
does the use of terracing and contouring. Fertilizer 
is applied at a single recommended rate. 13 Fertilizer 
costs are much higher on Land A than on Land B. 
It is assumed that for activities including terracing 
and contouring, all cropland is terraced and contoured. 
Farmer cost of terracing and contouring is esti-
I" It is assumed that the yield per acre of C." on Land A and Land B 
is the Same as the yield of CO2. ' 
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TABLE 5. ESTIMATED CORN, OATS AND HAY YIELDS ON IDA, ~fONONA, NAPIER AND CASTANA SOILS AT ALTERNATIVE FERTIL-
IZATION AND TERRACING AND CONTOURING LEVELS. CORN AND OAT YIELDS IN BUSHELS PER ACRE, MEADOW YIELD IN 'IONS 
p .. m ACHE. 
Crop 
Cons<,'rv-
ation 
C •• C. C. 011 011 0,.,0 •• 01",013 ~h,M. ~r,,~b 
Fertilizer application4 
M. Ma 
Soil 
type 
Ida 
Ida 
Ida 
~Ionona 
~!onona 
~fonona 
Napier 
Castana 
Percent 
slope 
7-14 
15-20 
Above 
20 
0-6 
7-14 
15-20 
0-6 
15-20 
practices 
None 
Terracing 
and contouring 
None 
Terracing 
and contouring 
None 
Terracing 
and contouring 
None 
Terracing 
ilIld contouring 
None 
Terracing 
and contouring 
None 
Terracing 
and contouring 
None 
None 
Terracing 
and contouring 
F" 
15 
20 
15 
20 
12 
12 
55 
60 
48 
55 
44 
50 
62 
50 
54 
Fl F" F(J FI 
----_._---_._----.~-.-
52 
40 
46 
36 
37 
70 
75 
60 
70 
55 
64 
75 
64 
68 
15 
20 
15 
20 
12 
12 
48 
52 
40 
46 
35 
40 
.54 
42 
45 
42 
50 
38 
44 
34 
36 
65 
70 
55 
65 
50 
58 
70 
58 
62 
15 
20 
15 
20 
12 
12 
52 
.56 
44 
50 
40 
45 
.58 
·16 
.50 
42 
.50 
38 
44 
34 
36 
65 
70 
55 
65 
50 
58 
70 
.58 
62 
20 
15 
20 
12 
12 
42 
46 
35 
40 
30 
35 
.50 
38 
40 
42 
50 
38 
44 
34 
36 
65 
70 
55 
65 
50 
58 
70 
.58 
62 
1.~ 
18 
14 
16 
12 
12 
33 
35 
30 
32 
28 
30 
35 
32 
32 
;30 
;15 
27 
30 
24 
26 
42 
45 
3S 
40 
:36 
38 
45 
40 
40 
----------------_.- --_. -------.--.---- .. _-,,---------
.0 For ff"rtilizeT application; Fo = no f(~rtilizl~r applied; Fl = ft'rtilizt'r applied at n single- flltl-', 
F" 
1a 
16 
12 
14 
10 
10 
:30 
:31 
27 
29 
26 
27 
32 
29 
29 
Ft 
30 
·1.~ 
27 
30 
24 
26 
42 
45 
38 
40 
36 
38 
45 
40 
40 
o .. ~ 
0.5 
0.5 
0.5 
0.4 
0.4 
2.5 
2.5 
2.2 
2.3 
1.8 
2.0 
2.8 
2.0 
2.0 
FL 
2.5 
2.7 
2.2 
2.4 
1.8 
2.0 
3.0 
3.0 
2.8 
2.9 
2.4 
2.6 
3.2 
2.6 
2.6 
Fo 
0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
2.2 
2.2 
2.0 
2.0 
1.8 
1.8 
2.8 
2.0 
2.0 
2.3 
2.3 
2.0 
2.2 
1.6 
1.8 
2.7 
3.0 
2.6 
2.8 
2.2 
2.4 
3.2 
2.6 
2.6 
rABLE 6. CORN, OAT AND HAY YIELDS ON LAND A AND LAND B AT ALTEHNATlVE FElt'flLIZATlON AND TEHRACING AND CON-
TOURING LEVELS. CORN AND OAT YIELDS IN BUSHELS PER ACHE, MEADOW YIELD IN TO"S PEH ACHE. 
- ------- ------_. ---_._- :::.:==::.======== 
C" 0" 
Land (.'!ass 
CJl,CI:.l,Cl!J 
Conservation 
____ . _______ !:_l·rt!!i~~t.'~ __ app~!(·ut~.Ollo_ . ____ . __ . __ _ 
practices F 0 F\I Fl Fo FJ F1J FI Fo 
----------------- - --~----- - ._-----
Land A 
Land B 
None 25.6 
Terracing 
and contouring 31.1 
Non" 53.5 
Terracing 
and contourin~ .57.1 
46.3 
53.6 
07.6 
72.2 
22.6 43.2 24.2 43.2 20.S 4:3.2 19.2 30.7 
27.7 .'10.3 29.:3 50.3 25.8 .50.3 21.3 33.5 
46.1 
49.2 
62.7 .50.0 62.7 41.4 62.7 3U.l 41.13 
67.13 53.0 67.3 44.3 67.3 :33.2 -l3.0 
-----~------------ _ .. _._--_._- ----~--- ----- ---_." 
(t For fr-rtilizt'"T application: Fu = no f(,rti1iz(~r applil'd; FI == fl'rtili7..t·r applied at a s;ng!t· rat,,_ 
17.1 
19.0 
29.0 
:30.0 
FI 
30.7 
133.5 
41.3 
4:3.0 
Fo 
1.0 
1.0 
2.4 
2.4 
Ma 
Fo F1 
2.3 1.0 2.1 
2 .. 5 1.0 2.3 
3.0 2.3 2.8 
3.0 2.3 3.0 
TABLE 7. ESTIl\'IATED FEHTILIZEH HEQlJIHEMENTS OF N, 1',00 AND K FOn ESTIMATED YIELDS ON IDA, MONONA, NAPIER AND 
CASTANA SOIL TYPES. 
Crop 
Soil type 
Ida 
?\lonona 
Napier 
Castana 
====·.,_-="'~o,,·= ·C7-CC=-"-~:=--::_.~==__. _____________ -_". ___________ _ 
Cl1,C1~,C13 C:n c:!:! en 011 
N P.O. K N P20" K N 1',0r. K N P.O. K " P20" K 
30 + 80 + 0 
.10 + 20 + 0 
10 + 0 + 0 
10 + 20 + 0 
60 + 40 + 0 
45 + 20 + 0 
45 + 0 + 0 
4,5 -I- 20 + 0 
50 + 40 + 0 
a.5+20+0 
35 + 0 + 0 
3.5 + 20 + 0 
60 -1- 40 + () 
-1.5 + 2() + 0 
45 + 0 + 0 
4,5 + 20 + () 
----------------- ---------- '-_._--- ---'-
15 + 4() + 0 
\() + .30 + 0 
10+ ()+o 
10 + SO + 0 
. -_.,,-----------==== 
0,2,0,3 
N 1',05 K 
~-----~--.----~ 
20 + 40 + 0 
I~ + 30 + () 
15 + () + 0 
J,~+;30+0 
() + 40 + 0 
o 
o 
o 
TABLE Ii. COST IN DOLLAHS PER ACRE Fon FEHTILlZEH IIEQUIHEMENTS· FOil ES'fI:\IATED CHOP YIELDS ON LAND A AND 
LAND B. 
==========c..C::"-.._.--'-'--'-= __ = :c==-----:._".--==,-____ ·_ .~---~~-------~---~_'____'======= 
Land 
class 
Land A 
Land B 
----_.---_._.,,---------,,-------
... $9.80 
3 • .'10 
811 . .51 
101.08 
C2. 
810.07 
6.6.'5 
• Fertilizer prices are: N = 14,4 e"nts per pound; P.O" = 11 emits per p01lnd. 
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. __ . __ ~_r!)p 
811..51 
8.01i 
0" 
$.5.92 
:3.ln 
----_._-- - ------~ 
$(;.64 
4.34 
$2.8(; 
0.22 
mated at $7.92 per acre for Land A and $6.62 for 
Land B. 11 These figures represent only 30 percent 
of the total cost. The other 70 percent is considered 
to be paid by the federal government as a soil con-
servation payment-a common practice in the area. 
In situations that include terracing and contouring, 
the costs for terracing and contouring are charged 
only against crop production in year 1; it is assumed 
that if terraces are constructed in year 1 they will be 
present in later years. The investment must be made, 
however, in the year of introduction. 
CROP HESOURCE HEQUIREMENTS 
Crop resource requirements for labor and capital 
are presented in table 9. Only seed, fertilizer and 
terracing and contouring costs are charged against 
hay production. All other costs incurred in hay pro-
duction are charged against the livestock enterprise 
which consumes the hay. 
The "fixed" cost per acre for corn, oats and hay 
represents those cost items (i.e., fuel, seed, insecti-
cides, fixed machinery, tractor and building costs) 
which are incurred independent of crop yield. These 
"fixed" costs vary with the number of acres grown, but 
not with the quantity of production per acre. "Vari-
able" costs are those which vary directly with yield per 
acre and include operating costs such as hauling and 
elevating. For example, the yield of Cll on Land B, 
U Famler costs for terracing and contouring Land A and Land B. are 
calculated as follows: Assume Land A has a sIo!,e of more than 8 
percent and Land B, a slope of less than 8 percent. One mile of 
terracing land with a slope of more than 8 percent eqnals 10 aCres 
protected. One mile of terracing land with a slo!,e of less than 8 percent 
equals 12 acres protected. Terracing costs $0.045 per foot and contouring 
$0.25 per acre. Hence, farmer cost of terracing and contouring 1 acre 
of Land A is (5,280 x $0.045+ $0.25) 0.33 = $7.92; 
10 
for 1 acre of Land B it is (5,280 x $0.045+ $0.25) 0.33 = $6.62. 
12 
Source: Agricultural conservation program handbook for 1956, Iowa. 
U. S. D"pt. Agr., Agricultural Conservation Program Service. August 195.5. 
TABLE 9. RESOURCE REQUIREMENTS PER ACRE FOR CORN, 
OATS AND HAY ON LAND A OR LAND B. 
Item Unit 
Labor requirement ....... hours 
March ............. hours 
April ......... hourS 
May ............... hours 
June ....... hourS 
Total March-June 
labor requirement . hours 
July .............. hours 
August . hourS 
September .......... hours 
October .......... hourS 
November .......... hours 
Total July-November 
labor requirement ........ hours 
Fixed cost per acre ..... $ 
Variable cost per bushel . $ 
Cost of terracing and 
contouring - Land A . S 
Cost of terracing and 
contouring - Land B ... , .. $ 
Corn" 
1.18 
2.20 
1.31 
4.69 
1.07 
0.20 
1.48 
2.04 
4.79 
17.08 
0.08 
7.92 
6.62 
Oats" 
0.36 
0.90 
1.26 
1.88 
1.88 
3.76 
13.ll 
0.05 
7.92 
6.62 
HayOt 
6',22 
6.22 
5.30 
4'.48 
9.78 
4.97: 
0.00 
7.92 
6.62 
o Add on a per-acrc ba,is: 0.3 hour of April labor for oats and 0.1 
hour of May and June labor for com when these crops are fertilized. 
t The labor and variable capital r~quirements of hay are charged against 
the livestock enterprise that uses the hay for feed. 
; Meadow seed cost composed of 8 pounds of alfalfa seed at $0.43 
per pound and 6 pounds of hromegra.s st'ed at 80.255 per pound. 
when fertiliz('1' and terracing and contouring are not 
included, is 53.5 bushels per acre. Therefore, total 
operating capital requirement for 1 acre of Cll is 
$17.08 (the "fixed" cost) plus $0.08 x 53.5 (the vari-
able cost). The March-June labor coefficient for 1 acre 
of ell is 4.69 hours, and the July-November labor 
requirement is 4.79 hours. 
Since the basic data for crop coefficient computa-
tions have been presented in tables 3, 4, 5, 6, 7 and 
8, separate tables of input-output coefficients and net 
revenues for each of the cropping possibilities pre-
viously defined have not been included. Net revenues 
of crop activities in year 1 in each situation are simply 
yield per acre times price of crop minus total cost 
per acre for producing the crop. In years 2, 3, 4 and 
5, however, net revenue of individual crops or crop 
rotations has been discounted, because time must be 
considered in dynamic programming. The discounted 
net revenue is the worth of the future net revenue 
at the present time. The rate of interest used in dis-
counting all future net revenues is 6 percent. As an 
illustration of discounting net revenue, consider the 
following example: The net revenue from 1 acre of 
Cll on Land B in year 1 when fertilizer and terracing 
and contouring are not included is 
53.5 x $1.33 - [$17.08 + ($0.08 x 53.5)] = $49.80 
where the yield of com is 53.5 bushels per acre and 
the price of corn $1.33 per bushel. In year 4, how-
ever, the discounted net revenue from 1 acre of Cll is 
53.5 x $1.33 - [$17.08 + ($0.08x53.5)] 
(1.0 + 0.06)4 $39.45. 
That it, $49.80 in year 4 discounted at 6 percent is 
TABLE 10. BASIC INPUT-OUTPUT DATA AND NET RETUHNS 
FOR DEFERHED-FED CALVES AND A TWO-LITTER HOG SYSTEM 
ON A UNIT BASIS.o 
Item Unit 
Purchase date ........... . 
!\/arkct date ............ . 
Initial weight ............ lbs. 
Mark~ting weight ........ lbs. 
Death loss .............. p"rcent 
Pigs weaned ............. no. 
Pigs sold . .............. no. 
Market hogs .,........... Ibs. 
Market sow .............. Ibs. 
Total pork .............. lbs. 
Feed: 
Com equivalent ........ bu. 
Supplement ... Ibs. 
Hay equivalentl tons 
March-June labor ......... man-hrS. 
July-November Inbor ...... man-hrs. 
Building space requirement . sq. ft. 
Annual cash e"Pmsc: 
Supplement ............ $ 
BUilding usc ........... $ 
Pow .. r use ............ $ 
Equipment usc ......... $ 
Miscellaneous cost ...... $ 
Boar service ........... $ 
Death loss ............ $ 
Feeder stock ........... $ 
Breeding gilt .......... $ 
Total annual e"Pense ...... $ 
Investment in equipment .. , $ 
Total capital outlay ....... $ 
Net ,,·tum .............. $ 
Deferred-
fed calves 
Oetob .. r 
December 
450.00 
1,000.00 
:t50 
52.00 
125.00 
2.24 
7.96 
17.77 
30.00 
5.50 
2.09 
2.31 
2.42 
H.97 
'2.66 
106.56 
130.51 
13.50 
144.01 
61.13 
Two-litter 
hog system 
. '5.00 
14.16 
12.45 
2,739.44 
400.00 
3,139.44 
190.00 
1,523.00 
0.70 
24.13 
21.42 
71.00 
67.01 
3.25 
20.41 
21.03 
26.06 
4.00 
62.13 
203.89 
27.74 
231.63 
196.48 
o The unit of the deferred-fed calves "ntell'ri.e is one head. The unit 
of the two-Ii Iter hog system is one sow with two litterS of pigs. 
t Pasture f(·quirements have h~en converted into tons of hay equivalent. 
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ouly worth $39.45 in year 1. All activities in years 
2, 3, 4 and 5 are discounted in this manner. ' 
LIVESTOCK ENTERPRISES 
The annual livestock enterprises included in each 
situation are two-litter hog systems and deferred-fed 
calves. Table 10 presents the basic input-output data 
and net revenues of these livestock enterprises. Net 
revenues of each livestock enterprise are discounted 
in years 2, 3, 4 and 5 for all situations. The resource 
requirements, of course, are the same in each of 
the five years. The cost of forage harvesting is in-
cluded in the miscellaneous cost item for all situations. 
The deferred-fed calf enterprise consists of choice 
steer calves purchased in October at 450 pounds, 
wintered, grazed 60 days on pasture and then full-fed 
to 1,000 pounds and sold in December. In the two-litter 
hog system, pigs are farrowed in March and September 
and are sold 6 months later at 220 pounds. The aver-
age number of pigs per litter is 7.0B. An average 
death loss after weaning of 5 percent is assumed. 
One gilt is saved for replacement. The total quantity 
of pork sold during the year is 3,139 pounds. This 
includes 400 pounds from the sale of one sow. 
ANALYSIS OF RESULTS AND OPTIMUM PLANS 
Profit-maximizing, or optimum 5-year, farm plans 
for the conservation situations outlined earlier are 
presented in this section. Initial resource supplies, 
·except in Situation I where family living does not 
have to be taken from capital supply in year 1, are 
the same for each situation studied. Hence, variations 
between plans mainly are due to differences in con-
servation levels, because the same cropping and live-
stock opportunities are available in each situation. 
In all situations, it is possible for land to be left in 
disposal (i.e.; put into permanent pasture or rented 
out) for 5, 4, 3, 2 or 1 yeares). 
All optimum 5-year plans have been computed with-
in the limits of available resource supplies. Com 
may be purchased off the farm, however, to expand 
livestock production. In the tables that follow, the 
"corn surplus or deficit" column shows the bushels 
of com bought or sold each year. A plus sign signifies 
com sold, and a minus sign indicates com bought. 
It is assumed th~t all hay is produced on the farm. 
When needed, surplus hay can be transferred from 
one year to the following year. Similarly, unused 
capital can be transferred from one year to the next, 
if it can be invested profitably the following year. 
(All of the capital How, plus the initial capital, repre-
senting surplus of net income over living expenses 
can be transferred between years.) 
In each plan, the annual discounted net return is 
given in the "net returns" column. This figure repre-
sents the farm's annual net return discounted back 
to the present after family living expenses have been 
subtracted. Heturns have been computed in this man-
ner to express the amount of capital which might 
be accumulated and transferred between years. In 
this case, no cost has been subtracted to represent 
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interest 011 borrowed funds. The discounted net re-
turns figure in the last column would need to be 
reduced by an amount corresponding to the interest 
cost of mortgages and other credit for owners with 
borrowed funds. In all situations studied, the return 
on capital used for the plans indicated is consider-
ably above interest rates for capital. 
The data in tables 11, 12 and 13 have been ad-
justed to compensate for rounding errors. 
PLAN I: OPTllviUM 5-YEAR PLAN FOR A 160-ACRE 
FARM WITHOUT FERTILIZER OR TERRACING 
AND CONTOURING UNDER SITUATION I 
Table 11 presents an optimum 5-year plan for a:. 
lBO-acre farm that does not use fertilizer, terracing. 
and contouring. Forage crops are grown to provide-
feed for livestock. The 5-year rotations formed by 
dynamic programming represent the most profitable 
combinations of crops on Land A and Land B for 
the 5-year period, supposing a planning horizon of 
this period and a goal of maximized discounted net 
profit, subject to meeting the restraint of living costs. 
The year represented by a particular crop is that 
indicated by the following sequence. Thus, for the 
4B.6 acres of Land A, first-year hay is grown in year 1; 
second-year hay, following hay; is grown in year 2; 
third-year hay, following hay, is grown in year 3; 
first-year com, following hay, is grown in year 4; and 
second-year corn, following corn, is grown in year 5. 
The symbols have similar meaning for the crop in-
dicated on the various acreages or tracts of Laml B. 
It should be remembered that crops were not forced 
into these sequences through prior selection of specific· 
rotations; these sequences were generated as the 
optimum cropping plans within the framework of a 
profit-maximizing plan over a 5-year period. 
Land Class Rotation 
Land A M1 - M2 - Ma - Cill - C23 
Land B ~11 - M!! - M:\ - C13 - C23 
MI - M!! - C1!! - C22 - Ca 
Cll - C21 - 0 12 - Ml - Cll 
Cll - C:n - 0 12 - Ml - M2 
Cll - Ou - Ml - Cll - C1 !! 
Acres' 
4B.6 
5.9-
11.9-
23.1 
36.1 
17.4-
In the above crop rotations on Land A and Land B, 
the same symbols are used to define crop production 
over the 5-year pedod as were used in the section 
on crop enterprises. For example, the rotation Ml - M!! 
- NIa - C13 - C!!3 on Land A means that first-year hay 
(M d is grown in year 1, second-year hay (M2 ) is. 
grown in year 2, third-year hay (Ma) is grown in 
year 3, first-year corn after 3 years of hay (CI3 ) is. 
grown in year 4 and second-year corn after 3 years 
of hay (C2:1) is grown in year 5. In each of the S. 
years, 4B.6 acres are grown. 
Over the 5-year period, the cheapest source of 
forage for livestock production is obtained from hay 
grown on Land A. Hay yields are relatively higher 
than corn yields on this land class. On the morc 
productive soil, Land B, the reverse is true, and in 
terms of acreage, corn is the main crop grown. Oats 
are relatively unprofitable on both classes of land. 
TABue 11. PLAN I: OPTIMUM 5-YEAR PLAN FOR A l60-ACRE FARM WITHOUT CROP FERTILIZATION AND WITHOUT TERRACING 
AND CONTOURING OF CROPLAND UNDER SITUATION I. 
Year 
of 
plan 
Production 
capital 
used" 
__ --,,, ______ --"O"'P.::tim:::um combination of enterprises 
Livestock Other Crops 
Com 
surplus or 
deficit 
(bu.) 
Limiting Discounted 
Land 
class 
Crop Acres Type Number Type Value resources net 
$ 9,900 
2 $12,815 
:3 $13,526 
4 $13,414 
5 $10,857 
A 
B 
B 
A 
B 
B 
B 
A 
B 
B 
B 
B 
A 
B 
B 
B 
B 
A 
B 
B 
B 
B 
B 
M. 
M. 
Cn 
M. 
M. 
Cs. 
011 
M. 
M. 
Cl" 0,. 
Ml 
Cl. 
C13 
C •• 
Ml 
Cll 
Co. 
C .. 
C. 
Cl1 
M. 
COl 
48.6 
17.8 
76.6 
48.6 
17.8 
59.2 
17.4 
48.6 
5.9 
11.9 
59.2 
17.4 
48.6 
5.9 
1l.9 
59.2 
17.4 
48.6 
5.9 
11.9 
23.1 
36.1 
17.4 
Deferred-fed 33 head 
calves 
two-litter 20 litters 
hog system 
Deferred-fed 
calves 
two-litter 
hog system 
Deferred-fed 
calves 
two-litter 
hog system 
Deferred-fed 
calves 
two-litter 
hog system 
Deferred-fed 
calves 
two-litter 
hog system 
33 head 
20 litters 
43 head 
20 litters 
58 head 
20 litters 
43 head 
20 litters 
retnrnst 
Family living $3,697 +446 Land A 
Land B 
$3,348 
Forage feed 
Hog building 
space 
Land A $3,600 
Land B 
Forage feed 
Hog build.ng 
Family living $3,697 -644 
.pace 
Land A $2,341 
Land B 
Forage feed 
Family living $3,697 -2,662 
Hog building 
;pace 
Land A $3,425 
Land B 
Family living $3,697 -579 Forage fel'd 
July-Nov. 
labor 
Hog building 
~pace 
Land A $4,037 
Land B 
Hog building 
o Family living $3,697 
space 
Forage feed 
.. Capital available for crop and livestock production after family living expenses have bee" met. 
t Net retnrns after living expenses are subtracted. 
Their function is to provide a nurse crop for forage. 
In actual practice, many farmers with small acreages 
Df grain would not incorporate more than one rotation. 
As the preceding plan indicates, however, Land B 
should be used mostly for grain production, while 
forage is primarily produced on Land A. Because of 
the cropping restriction-that not more than 3 years 
of continuous corn or hay may be grown-some corn 
is produced on Land A. Likewise, some hay pro-
duction occurs on Land B. Moreover, SOme forage 
production is required on Land B to provide adequate 
feed for livestock. 
YEAR 1 
In year 1, no deduction is made from capital to 
allow for family living. Hence, $9,900 is available for 
·crop and livestock production. Because fertilizer and 
terracing and contouring are not included in Situation 
I, capital requirements for crops are lower than in 
the other situations studied. Consequently, more 
-capital is available for livestock production in the 
first year. Under the pricing system used, hogs give 
higher returns to capital tllan cattle. The maximum 
hog production allowed by building space is 20 litters, 
however, even though the supply of available operat~ 
ing capital is greater than required for this number of 
hogs. The next highest return from capital is in feed-
ing cattle. The resulting plan for year 1 is 20 litters 
of pigs and 33 head of deferred-fed calves. To pro-
vide the necessary forage feed, all of Land A plus 
17.8 acres of Land B are used to grow hay. The re-
maining acres of Land B are used for corn. A total of 
446 bushels of corn is not needed for feed and is 
sold for cash. The limiting resources for this plan 
are Land A, Land B, forage feed and hog building 
space. Discounted net return, after living costs have 
been paid, in year 1 is $3,348. If expenses for house-
hold consumption had been subtracted from capital 
supply in the nrst year, less operating capital would 
have been available for cattle production. Hence, 
cattle numbers, and therefore net return, would have 
been lower than that shown. 
For the plan in table 11, the amount of disposal 
or unused capital in year 1 is $854. Disposal capital 
in anyone year is the amount of funds not transferred 
to the supply of available capital for the year follow~ 
ing. It might seem that this surplus capital could be 
used for increased production in year 2. In this dy~ 
namic programming model, however, pronts are maxi-
mized for a multiyear period, and crop and livestock 
production is interrelated over all years of the whole 
period. Consequently, pronts are maximized for the 
5-year period by investing only $12,815 in year 2; 
$854 is available, but is not invested. When more 
captial is needed in year 3, most of the addition is 
generated by the plan in year 2. If the optimum plan 
had been for years 1 and 2 only, disposal capital in 
year 1 would have been transferred for use in year 2, 
because production and corresponding returns in sub-
sequent years would not have been considered. 
YEAR 2 
In year 2, the number of deferred-fed calves and 
hogs produced is the same as in year 1. Similarly, 
all of Land A and 17.8 acres of Land B are used 
to produce the necessary forage feed. In year 2, how-
ever, only 59.2 acres of com are grown. The re-
mainder of Land B is used to grow oats, which pro-
vide a nurse crop for forage the following year. Sub-
stitution of oat acres for corn acres, plus tIie decreased 
yields of second-year com, diminishes the grain supply 
and necessitates purchase of 644 bushels of corn for 
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livestock. A surplus of income of $3,600 over family 
living costs is generated in year 2. Hence, this amount 
of operating capital is transferred to year 3, in addition 
to the $12,815 available for production at the outset 
of year 2, but which is returned by the production 
in year 2. This result contrasts the parallel situation in 
year 1. Unused capital in year 1 could not be profitably 
invested in year 2, and surplus capital was not trans-
ferred from year 1 to year 2. The net gain in capital 
during year 2, however, can be profitably invested 
in year 3 and is transferred with the original capital 
fund. The limiting resources in the optimum plan for 
year 2. are Land A, Land B, forage feed and hog 
building space-the same resources that restricted pro-
duction in year 1. Discounted net return after sub-
traction of family living costs is $3,600. 
YEAR 3 
In year 3, increased capital and the sequence of 
crops in previous years permits cattle production to 
be expanded to 43 head. Because hogs have a higher 
return to capital and labor in combination, the maxi-
mum number of litters permitted by building space 
again are produced. Crop production in year 3 in-
cludes 71.9 acres of hay, 59.2 acres of oats and only 
11.9 acres of corn. (See sequence on various acreages 
as mentioned earlier.) The increased hay acreage 
provides the additional forage required for feeding 
the larger number of cattle in year 3. Because of the 
decreased corn acreage, however, along with an in-
crease in cattle numbers, it is necessary to purchase 
2,682 bushels of corn for feed. As before, interyear 
interdependence between crop and livestock enter-
prises specifies the best plan for anyone year. Hence, 
profits are maximized for the 5-year period if most 
of the feed grain requirements in year 3 are pur-
chased. Thereby, more hay acres are allowed in year 
:3, thus providing corn land of higher yield potential 
in years 4 and 5. The limiting resources in year 3 
are Land A, Land B, forage feed and hog building 
space. Discounted net return, after subtracting fam-
ily living costs, is $2,341. The decrease in discounted 
net return in veal' 3, as compared with year 2, is 
explained by the fact that there are fewer acres of 
com, and discounting is over a longer period, causing 
the same enterprise in year 3 to have a lower dis-
counted net return than in year 2. The major de-
crease in net return in year ,'3, however, is caused 
by a decreased corn acreage. 
While even nondiscounted net retum is smaller in 
year 3 than in year 2, the plan is not in a "stage of 
deterioration." As one year's plan, in a complex of 
:5 interdependent years, the plan for year 5 is one 
which allows a maximum of discounted return over 
a 5-year period, subject to the restraint that family 
living costs must be met in each year. To select tl 
sequence of yearly plans which would result in a 
larger income in year 3 would cause the sum of dis-
counted returns over the 5-year period to be less 
than under the plan selected. 
YEAR 4 
In year 4, $13,526 is used for farm production. As 
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before, the amount of available operating capital 
depends on the level and types of enterprises in the 
previous year. All of Land A is now used for com, 
because only 3 years of consecutive hay are allowed 
under the cropping restrictions explained earlier. On 
Land B, 59.2 acres are used for forage, and the re-
mainder is used for corn. Higher hay yields on Land 
B allow cattle numbers to be expanded to 58 head, 
even though fewer acres are used for forage pro-
duction in year 4 th~n in year 3. As in previous years, 
the 20 litters of pigs allowed by building space are 
produced. Also, since the majority of corn is pro-
duced on Land A where yields are lower, 579 bushels 
of corn must be purchased, even though corn acre-
age is greater in year 4 than in year 3. The limiting 
resources in year 4 are Land A, Land B, forage feed, 
hog building space and July-November labor. Labor 
is now restrictive because of the increased cattle 
numbers. Discounted net return, after subtracting 
family living and fixed costs, is $3,425. Discounted 
net return in year 4 is greater than in year 3, because 
cattle numbers and corn acreage are increased. 
YEAR 5 
In year 5, $10,857 is used in production. Since this 
is the last year of the time plan, only corn and hay 
are grown; oats are not needed as a nurse crop since 
no crops are indicated for a sixth year. Fewer cattle 
are produced in year 5 than in year 4, because the 
cropping sequence in previous years specifies de-
creased hay acreage in year 5. The maximum number 
of hogs allowed by building space is produced. 
Because of lower yields, only enough corn is produced 
to satisfy the livestock feed-grain requirements, even 
though corn acreage is larger in year 5 than in year 
4. Limiting resources in year 5 are Land A, Land B, 
hog building space and forage feed. In year 5, dis-
counted net return, after subtracting living costs, is 
$4,037. 
It should be noted that land use in year 4 would 
allow the same number of acres of forage in year 5 
as in year 4, and therefore the same cattle numbers. 
The optimum plan in year 5, however, specifies only 
36.1 acres of hay, with the remaining acreage to be 
allocated to corn. In other words, discounted net re-
turn is maximized over the 5-year peliod by decreas-
ing cattle numbers and forage acreage and increasing 
corn acreage in year 5. Similarly, no otller pattern of 
grain acreage and livestock production over the 5-year 
period would result in discounted net returns as high 
as those represented in this optimum plan. 
Over the 5-year period, net discounted retums, 
after living costs have been met, total $16,751. Forage 
feed is the principal limiting resource in cattle feed-
ing. Limited hay production results not only because 
acreage is limited but also because fertilizer is not 
included for crops. Soil fertility, aside from that for 
starting seedings, must be generated by the crops 
grown and the livestock manure returned to the fields. 
Land is the main limiting resource in crop and 
livestock production in each year. Capital is not 
limitational in any of the 5 years under Situation I 
for two reasons: (1) capital requirements of crops 
are low since no fertilizer, terracing and contouring 
are used for cropping activities and (2) production 
of cattle is limited because of the low forage yields, 
which in turn result from rotations which do not in-
clude fertilization. 
PLAN II: OPTIMUM 5-YEAR PLAN FOR A 160-AcRE 
F AIU1: \VlTH FERTILIZER BUT WITHOUT TERRACING 
AND CONTOURING UNDER SITUATION II 
The main difference between Situation I and Situa-
tion II is that the latter situation includes use of 
commercial fertilizer on crops. A second difference lies 
in the fact that family living is an activity requiring 
capital in all 5 years in Situation II. In Situation I, it 
was not subtracted from the initial capital supply of 
$9,046 under the supposition that consumption with-
drawals could come from income generated during 
the year. In Situation II, however, it is supposed that 
consumption requirements in year 1 must come from 
capital available at the beginning of the year, rather 
than from income generated during the year. Actually, 
the two situations might be viewed as representing 
different initial amounts of capital. Situation II could 
be considered to have $3,697 less initial capital, if 
consumption requirements were specified to come 
from current income. Otherwise, resource supplies 
and production possibilities are the same as in Situa-
tion I. The optimum 5-year plan for Situation II is 
presented in table 12. 
The following crop rotations represent the most 
profitable combinations of crops for Situation II over 
the .5-year period. 
Land Class 
Land A 
Land B 
Rotation 
Cll - 0 11 - M1 - M2 - Ms 
M1 - M2 - Ms - C1S - C23 
M1 - M2 - e12 - C22 - C3 
Cll - C21 - Ca - 0 13 - M1 
Cll - Ou - 1h - Cll - C21 
Cll - C 21 - 0 12 - M1 - C ll 
Acres 
23.3 
10.0 
15.3 
40.2 
35.8 
18.4 
As in Plan I, the optimum 5-year cropping plan 
includes using the most productive soils (Land B) 
mainly for corn production. The less productive soils 
(Land A) are used mainly for hay. Forage and, 
therefore, oats as a nurse crop for forage, are grown 
on Land B after 3 consecutive years of corn, because 
of the cropping limitations explained earlier. 
YEAR 1 
In year 1 of Plan II, only $6,203 of operating capital 
is available for crop and livestock production, because 
$3,697 is used directly for family living. Since (a) 
the same prices are used in Situation II as in Situa-
tion I and (b) hogs give higher capital returns than 
cattle, capital is first allocated to production. The 
maximum number of pig litters allowed by building 
space (20 litters) is produced. The next most profit-
able use of capital is first-year corn. All of Land Band 
23.3 acres of Land A are used for corn. In Situation 
II, because yields are higher as a result of crop 
fertilization, funds are allocated to corn production 
before cattle production. Finally, the remaining capital 
is used in cattle production. In summary for Situation 
II, capital in year 1 is first allocated to family living; 
TABLE 12. PLAN II: OPTIMUM 5-YEAR PLAN FOR A 160-ACRE FARM WITH CROP FERTILIZA nON BUT WITHOUT TERRACING 
AND CONTOURING OF CROPLAND UNDER SITUATION II. 
Year Production Optimum combination of enterprises Com Dis- Discounted 
of capital Crops Livestock Other surplus or posal Limiting net 
plan used" Land Crop Acres Type Number Type Value deficit forage resourceS retumst 
class (bu.) (tons) 
Land A $6,099 
$ 6,203 A Cn 23.3 Deferred-fed Land B 
A M1 25.3 calves 4 head Family living $3,697 +.5,319 43.6 Capitnl 
B Cll 94.4 two-litter Hog building 
hog system 20 litters space 
Land A $4,945 
2 $11,377 A all 23.3 Deferred-fed Land B 
A M. 25.3 calves 42 head Family living $3,697 + 699 0 Capital B C" 58.6 two-litter Hog building 
B 011 35.8 hog system 20 litters space 
Forage feed 
.3 $15,681 A M1 23.3 Deferred-fed Land A $4,755 
A M. 10.0 calves 61 head Family living $3,697 -1,469 41 Land B 
A Cn 15.3 two-litter Capital 
B C. 40.2 hog system 20 litters Hog building 
B M1 35.8 space 
B 0,. 18.4 reed grain 
Lund A $4,867 
·4 $13,318 A M. 23.3 Deferred-fed Land B 
A Cu 100 calves 55 head Family living $3,697 - 329 0 Hog building 
A C •• 15.3 two-litter space 
B 0,. 40.2 hog system 20 litters Forage reed 
B Cll 3.5.8 July-Nov. 
B Ml 18.4 labor 
5 $13,850 A M. 23.3 Deferred-fed Land A $4,322 
A C •• 100 calves 59 head Family living $3,697 - 430 49.8 Land B 
A C. 15.3 two-litter Hogbullding 
B M1 40.2 hog system 20 litters space 
B COl 35.8 July-Nov. 
B Cll 18.4 labor 
o Capital available for crop and livestock production after family living expenses have been met. For this plan, it is supposed that family livin!! 
in year 1 must come from the original $9,900. Hence, only $6,203 is avallable for farm production. 
t Net returns after living expenses have been met. For this plan, it is assumed that family living in year 1 must come from the original capital of 
$9 900. Only $6,203 is available in year 1. Living expense, however, is not subtracted from discounted net return in Jear 1 for this plan. Livinll 
.exPense has been suhtracted from net return in other years to indicate the income sU'1'IIIS which might be transferre to the following years. 
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secondly, to hog production; thirdly, to com produc-
tion; and Rnally the remaining capital is used for 
cattle production. As a result, only 4 head of defelTed-
fed calves are included in the plan for year 1. As in 
Plan I, crop and livestock production in anyone year 
is interrelated with crop and livestock production in 
all other years. In year 1, 117.7 acres of corn and 25.3 
acres of hay are grown. A different plan emerges 
th:m under Situation I because of differences in capital 
availability and in fertilization practices for crops. 
More forage feed is produced than is required by 
the limited livestock enterprise. The surplus, 43.6 
tons, is transfelTed to, and utilized during the next 
year. Also, because of a limited livestock enterprise 
and a large corn acreage, a surplus of 5,319 bushels 
of corn is not needed for feed and is sold. The limiting 
resources in year 1 are Land A, Land B, capital and 
hog building space. Capital limits cattle production, 
and building space limits hog production. Net return, 
without subtracting family living expense, amounts 
to $6,099. 15 
YEAR 2 
In year 2, capital is transferred from year 1 and 
is available in year 2 for family living and increased 
farm production. Because of the increase in capital, 
plus the forage canyover from year 1, cattle numbers 
can be expanded to 42 head in year 2. Since hogs are 
still more profitable than cattle, the maximum number 
of hogs allowed by building space is produced. Cor-
respondingly, crop production includes 58.6 acres of 
corn, 59.1 acres of oats and 25.3 acres of hay. Since 
the interyear dependence between crops and livestock 
specifies the optimum plan for anyone year, oat acres 
are substituted for corn acres in year 2. This substitu-
tion permits more forage feed and, therefore, more 
livestock to be produced in year 3. Even though corn 
acreage is decreased in year 2, however, corn yields 
from fertilization and Land B productivity provide 
more grain feed than is required for expanded live-
stock production. The surplus corn is sold for cash. 
Capital in year 2 is allocated in this order: family 
living, hog production, corn, hay, cattle production 
and oat production. The limiting resources in year 
2 are Land A, Land B, capital, hog building space 
and forage feed. Capital and forage feed limit cattle 
production, while building space limits hog produc-
tion. Discounted net return, after family living ex-
penses are subtracted, is $4,945. The decrease in dis-
counted net return in year 2 as compared with year 
1 is caused by a smaller corn acreage and by the fact 
that income is discounted over a longer period. Capital 
transferred from year 2 to year 3 is $15,681 and in-
cludes the capital available at the outset of year 2, 
plus the surplus of income (over costs and expenses) 
generated in year 2. 
YEAR 3 
In year 3, the increase in operating capital and the 
15 Living expense is not subtracted from income in year 1 since we 
suppose it to be drawn from initial caiptal of $9,900. For other years, 
however, the net discounted return shown supposes that living expenses 
have been deducted from the runOllnt shown. 
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sequence of crops in previous years permits further 
expansion in the cattle enterprise. The year 3 plan 
calls for 20 litters of pigs and 61 deferred-fed calves. 
The corresponding crop plan includes 69 acres of 
forage, 55 acres of com and 16 acres of oats. Much 
more hay is produced than is needed for the live-
stock enterprise. The surplus hay (41 tons) is trans-
ferred to, and is utilized in year 4, however, thus 
permitting a smaller hay acreage in that year. Again, 
this transfer illustrates the interrelationship between 
crops and livestock within each year and between 
years. The increased livestock enterprise and de-
creased grain acreage in year 3 results in the pur-
chase of 1,469 bushels of corn off the farm. In other 
words, profits are maximized for the 5-year period 
by purchasing feed grain off the farm in year 3, 
th3reby allowing more hay acres which in turn pro-
vide potential com acres in years 4 and 5. The limit-
ing resources in the plan for year 3 are Land A, 
Land B, hog building space, capital and feed grain. 
Hog production is limited by building space and cattle 
production by capital and by feed grain, which limits 
cattle feeding since capital is limitational and does 
not allow grain purchase. Discounted net return, after 
subtracting family living and Rxed costs amounts to 
$4,755. Even with increased livestock production in 
year 3, discounted net return is lower than in year 
2 because of a smaller corn acreage and the length 
of the discounting period. 
YEAH 4 
In year 4, capital transferred from production and 
as a surplus of net income over family living expenses, 
is a nonlimitational resource. Hence, feed grain is. 
also nonlimitational, since it may be purchased. Grain 
crop acreage is expanded, and forage acreage is de-
creased. The cropping plan includes 61 acres of com, 
42 acres of forage and 40 acres of oats. As corn 
acreage increases, cattle production declines, because 
of a smaller hay acreage. Only 55 head of deferred-
fed calves are included in the plans for year 4. The-
increased grain acreage also causes July-November 
labor to become a limiting resource. Since hogs and 
grain acreage have a higher return on July-November 
labor than cattle, the number of calves fed is reduced. 
Even with the increased grain acreage, however, the· 
purch:lse of 329 bushels of corn for feed is necessary. 
Sufficient forage for livestock feed is attained from 
the smaller hay acreage in year 4, because it is sup-
plemented by hay carried over from year 3. Other 
limiting resources are Land A, Land B and hog 
building space. Discounted net return, after subtract-
ing family living expense, is $4,867. The greater acre-
age of first-year corn permits discounted net return 
in year 4 to be as high as that of year 3, even though 
cattle numbers are decreased and the discounting co-
efficient is larger because of the longer time period. 
YEAR 5 
In year 5, capital is agaiit" a nOilliniibitional"resource. 
A total of $13,850 of operating capital is used and is. 
available as a transfer from the initial capital supply 
plus the income SurplilS in the preceding year. The 
only crops grown in year 5 are corn and hay. Oats 
are not produced because this is the final year of the 
plan and, therefore, a nurse crop for further forage 
production is not required. :More forage (50 tons) is 
produced in year 5 than is required for feed. This 
surplus forage production results from the cropping 
restrictions discussed previously. The surplus forage 
might be either sold or used as a green manure crop. 
The cropping sequence of the optimum 5-year plan 
calls for 65.3 acres of hay and 79.5 acres of corn 
in year 5. As in the other years, 20 litters of pigs are 
produced. The increased forage acreage (and hence, 
decreased crop labor requirements) permits 4 more 
cattle to be produced in year 5 than in year 4. Speci-
fically, the plan calls for 20 litters of pigs and 59 
deferred-fed calves. Because of the large forage acre-
age, it is necessary to purchase 430 bushels of corn 
for feed. The limiting resources are Land A, Land B, 
hog building space and July-November labor. Hog 
production is limited by hog building space and 
cattle production by July-November labor. Discounted 
net return, after subtracting family living expense, is 
$4,322. Surplus capital, available but not required 
by the plan, in year 5 amounts to $4,437. 
In Plan II, discounted net return, in excess of family 
living expense, amounts to a total of $21,291 over 
the 5-year period, an increase of $4,540 over Plan 1. 
(The sum of the last column in table 11 is compared 
with the sum of the same column in table 12, except 
that $3,697 has heen subtracted from the $6,099 in 
the first year. This adjustment is made to account 
for the fact that consumption in the first year for table 
12 is assumed to come from the initial $9,900 capital 
supply and income for year 1 was not adjusted for 
living, as were the figures for the other years.) Hog 
building space· is the resource which limits hog pro-
duction in each of the 5 years for both situations I 
and II. Hogs are more profitable, for limited labor, 
capital and feed, than cattle. Hence, the maximum 
number of litters allowed by building space is pro-
duced each year. Capital is thus allocated to hog 
production before it is allocated to cattle production. 
Land A and Land B are limiting resources each year; 
both land A and B are fully utilized in each of the 
5-year periods. The resources which primarily restrict 
cattle production are capital in the first 3 years and 
labor in the last 2 years of both plans. While capital 
is in short supply at the outset, the surplus of income 
over consumption and expenses allows funds to ac-
cumulate for the last 2 years. Directly, forage limits 
cattle numbers in the first 2 years, but indirectly it 
is capital, since this resource also limits hay produc-
tion. Because of crop fertilization, and therefore higher 
grain and hay yields in Situation II, more livestock is 
included in the optimum plan than in the case of 
Situation 1. Also, more corn is sold (or less is pur-
chased in some years) in Plan II than in Plan I, even 
though livestock numbers are greater in Plan II. 
In both plans, Land A is used mainly for hay pro-
duction and Land B for com. In both optimum 5-year 
plans the farm firm and farm household are con-
sidered as an interrelated economic unit. Crop and 
livestock production in each of the 5 years is not 
independent of living needs by the household. 
A somewhat different "time pattern" for crops also 
emerges under the two situations. Since capital is less 
and living expenses must be met at the outset, more 
corn is grown in years 1, 2 and 3 under Situation II. 
Greater amounts of corn early in the period also are 
more profitable, however, in terms of the criterion 
of maximized discounted net returns, because of the 
fertilization practices allowed under Situation II. 
Under Situation I, discounted net returns are greatest 
over the 5 years if more land is planted to h:lY at the 
outset to provide a fertility build-up for the greater 
corn acreage grown near t11e end of the period. The 
acreage patterns under the two situations are sum-
marized thus: 
Situation I Situation II 
Com Oats Hay Com Oats Hay 
Year 1 ....... 76.6 0.0 66.4 115.7 0.0 25.8 
Year 2 ....... 59.2 0.0 66.4 !,Q .''1 
."" l !''' ~ Year 3 ....... 11.9 59.2 71.9 55.5 18.4 69.1 
Year 4 ....... 83.8 0.0 59.2 b1.1 4U.~ '>1.7 
Year 5 ....... 83.8 0.0 36.1 79.5 0.0 73.5 
Total production capital used over the 5 years, ex-
clusive of machinery and related investment, is $60,512 
for Situation I without fertilizat1ol1 practices and 
$60,429 for Situation II with fertilization practices. 
Hence, approximately the same amount ot capital 
allows a greater aggregate output and income under 
Situation II where fertility can be purchased, as com-
pared with Situation I where more forage must be 
used to provide fertility for grain crops. 
PLAN III: OPTIMUM 5-YEAR PLAN FOR A lBO-ACRE 
FARM WITH FERTILIZER AND WITH 
TERRACING AND CONTOURING UNDER SITUATION III 
Table 13 presents the optimum 5-yeal' plan for 
Situation III. In this situation, crops are fertilized 
at a single recommended rate, and all cropland is 
terraced and contoured. This situation differs from 
Situation II only in the addition of terracing and con-
touring. As a result of these practices, crop yields are 
higher than in the other two situations. Because croo 
yields are higher, fewer acres of Land A or Land B 
are needed for forage production and the correspond-
ing nurse crop of oats. The maximum amount of hay 
grown in a single year (3) is 52.4 acres. The optimum 
5-year cropping program for Plan III is shown thus: 
Land Class 
Land A 
Land B 
Rotation 
Ml - M:! - C1 :! - C2 :! - Ca 
ClI - 0 11 - Ml - M2 - M3 
CII - C:!1 - Ol:! - MI - ClI 
Cll - 0 11 - M I - ClI - C:!l 
CIt - C:!l - Ca - Ol:~ - Ml 
Acres 
31.0 
17.8 
26.0 
34.6 
33.8 
As in plans I and II, rotations grown on Land A 
include relatively more forage crops than do rotations 
on Land B. Hay production on either land class is 
included in the cropping plan only to produce forage 
for feed or to meet the cropping restrictions. Oats are 
grown only to establish meadow see dings. 
YEAR 1 
In year 1, the same initial amount of capital ($9,900) 
is available as in Situation II. Of this, $3,697 again is 
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TABLE 13. PLAN III: OPTIMUM 5-YEAR PLAN FOR A 160-ACRE FARM WITH CROP FERTILIZATION AND TERRACING AND CON-
TOURING OF CROPLAND UNDER SITUATION 1II. 
Year Production Optimum combination of enterprises Corn Dis- Discounted 
of capital Crop. Livestock Other surplus or posal Limiting net 
plan used° Land Crop Acres Type Number Type Value deficit forage resources returnst 
class (bu.) (tons) 
$ 6,203 A Ml 31.0 Two-lilt .. r Land A $5,207 
A C11 17.8 hog systcrn 18 litters Family living $3,697 + 5,972 68.6 Land B 
B Cll 94.4 Capital 
Land A $4,968 
2 $10,293 A M. 31.0 D~ferred-f .. d Land B 
A 011 17.8 calves 35 head Family living $3,697 + 1,305 0 Hog building 
B Cn 59.8 two-litter space 
B Ou 34.6 hog system 20 litters Forage feed 
Land A $5,226 
;3 $13,929 A C,. 31.0 Deferred-fed Land B 
A Ml 17.8 calves 57 head Family living $3,697 - 445 11.6 Hog building 
B 012 26.0 two-lith,r space 
B Ml 34.6 hog system 20 litters July-Nov. 
B C. 33.8 labor 
Land A $5,410 
4 $13,252 A C •• 31.0 Deferred-fed Land B 
A M. 17.8 calves 56 head Family living $3,697 98 0 Hog building 
B Ml 26.0 two-litter space 
B Cll 34.6 hog syst"'" 20 litters Forage feed 
B 0,. 33.8 July-Nov. 
labor 
Land A $5,861 
.5 $14,297 A C. 31.() Deferred-f ... d Land B 
A Ma 17.8 calves 56 head Family living $3,697 + 881 7 .. 5 Hog building B C'l 26.0 two-litter space 
B C'l 134.6 hog system 20 litters July-Nov. 
B M, 33.8 labor 
• Capital available for crop and livestock production after family living expenses have been met. For this plan, it is supposed that family living 
in year 1 must come from the original $9,900. Hence, only $6,203 is availahle for fann production. 
t Net returns after living expenses have been met. For this plan, it is assumed that family living in year 1 must come from the original capital of 
~9,9()0. Only $6,203 is available in yenr 1. Living expense, however, is not subtracted from discounted net return In yenr 1 for this plan. Living 
"xpense hns heen suhtracted from net return in other yenrs to indicate th,' income surplus which might be transferred to tbe following years. 
used for household consumption in year 1. Hence, 
only $6,203 in operating capital is available for farm 
production in this year. Terracing and contouring 
costs for the 5-year period are included in the capital 
requirements of crops in this year. Therefore, crop 
capital requirements are higher for this situation than 
for the other two situations in year 1. If land is to be 
used for crop production during the 5-year period, 
and under this situation, it must be both cropped and 
terraced and contoured in year 1. 
As in the previous plans, hogs are more profitable 
than deferred-fed calves. Because of the additional 
cost of terracing and contouring, however, the limited 
capital specifies that no cattle and only 18 litters of 
pigs can be produced in year 1 of Plan III. In plans 
J and II, 20 litters of pigs plus some cattle were in-
cluded in the plans for year 1. After withdrawals for 
family living, capital is so restrictive that it is first 
allocated to terracing and contouring and crop pro-
duction, with the remaining funds used for hcg pro-
duction in Plan III. 
Crop production, corresponding to the optimum 
,j-year plan for Situation III includes 112 acres of 
corn and 31 acres of hay. All of Land B and some of 
Land A are used for corn production. A surplus of 
68.6 tons of hay and 5,972 bushels of corn are pro-
duced but are not needed for the limited livestock 
enterprise. The surplus hay becomes available mostly 
in the last haH of year 1 and is utilized mainly in 
yeal: 2. The surplus corn is sold for cash in year 1. 
At first glance, it might appear unprofitable to pro-
duce so much surplus hay in the first year (i.e., 
more land could have been used for corn production 
and less for hay production). Crop and livestock 
production is interrelated within anyone year and 
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hetween years, however, and this interrelationship 
affects the optimum plan for each year of the 5-year 
period. Thus, surplus hay production in year 1 is 
necessary to allow increased livestock production in 
subsequent years, as part of a 5-year sequence for 
maximizing discounted net income. Any other plan 
would result in a lower discounted net return for the 
5-year period. Net return in year I, excluding family 
living, amounts to $5,207. Crop and livestock pro-
duction in year I, along with the capital invested 
in year 1 production but recovered within the same 
year, provides $14,116 of operating capital for farm 
production and household consumption in year 2. 
YEAR 2 
In year 2, $10,293 is available and used for crop 
and livestock production. Because more capital is 
available in year 2, the livestock enterprise can be 
expanded. Capital, beyond that needed for crop pro-
duction, is first allocated to the more profitable hog 
production, with the remaining funds used for cattle. 
Hog production is increased from 18 litters in year 1 
to 20 litters in year 2, and cattle production is in-
creased from zero to 35 head. The corresponding 
cropping system includes 60 acres of com, 52 acres 
of oats and 31 acres of hay. Oats are substituted 
for com in year 2 to allow increased forage acreage 
and livestock production in years 3, 4 and 5. Even with 
the decreased corn average and the increased livestock 
numbers, however, 1,305 bushels of com are not re-
quired for feed in year 2 and are sold for cash. Crop 
and livestock production are limited by Land A, Land 
B, hog building space and forage. feed. Hogs are 
only limited by building space. It should be noted 
that capital is nonlimitational in year 2; surplus capital 
is available for expanded production. The other re-
strictions, however, cause this capital to go unused. 
Had more forage feed been available, surplus capital 
would have been used for expanded cattle production 
and would have become limitational. Discounted net 
return in year 2, after subh'acting family living ex-
pense, is $4,968. 
YEAR 3 
In year 3, $13,929 is used for family living and 
crop and livestock production. Hay acreage is in-
creased by 21 acres over year 2. Because more forage 
and capital are available, cattle production is in-
creased by 22 head. Hog production is limited to 
the maximum number allowed by building space. 
Crops produced in year 3 include 65 acres of corn, 
52 acres of hay and 26 acres of oats. More hay is pro-
duccd than is used for livestock in year 3, but the sur-
plus is utilized in year 4. The larger hay acreage and 
increased cattle numbers in year 3 necessitate purchase 
of 445 bushels of corn to meet feed requirements. 
The expanded livestock ente11Jrise also causes July-
November labor to be restrictive in cattle production. 
Thus, cattle numbers are restricted by July-November 
labor ratller than by capital, feed grain, forage feed 
or building space. Land A and Land B limit further 
crop production, and hog building space, further ~og 
production. Discounted net retunl, after subtractmg 
family living expense, is $5,226. 
YEAR 4 
In year 4, slightly less operating capital is used. 
Because of the large forage production in year 3, and 
since some of this is carried into the next year, forage 
acreage in year 4 can be decreased without causing 
a decrease in livestock numhers. In year 4, 65.6 acres 
of corn, 43.8 acres of forage and 33.8 acres of oats 
are produced. Corresponding livestock production in-
cludes 20 litters of pigs and 56 head of deferred-fed 
calves. Because of the cropping restrictions previously 
discussed, it is necessmy to substitute oat acres for 
corn acres in year 4. The oats provide a nurse crop 
for hay production in year 5. Because oats are .su~­
stituted for corn in year 4, not enough feed gram IS 
produced to meet the livestock feed requirements. 
Therefore, 98 bushels of corn are purchased for feed. 
In addition, only sufficient forage feed is available, 
from production in the 2 overlapping feed years, to 
produce the 20 litters of pigs and 56 head of deferred-
fed calves. Limiting resources in year 4 are Land A, 
Land B hog building space, forage feed and July-
November labor. Further crop production is limited 
bv Land A and Land B, hog production by building 
sl;ace and cattle production by forage feed and July-
November labor. Capital again is not a limitational 
resource, and there is a surplus of $5,630 for use in 
paying fixed costs at the beginning of the yea.r, for 
paying off indebtedness, for expanded consump.tlOn or 
for outside investment. Discounted net rehlrn 1Il year 
-t after subtracting family livil1~ expenses, is $5,410. 
YEAR 5 
In year 5, $17,994 is available for family living and 
farm production. Of this amount, $3,697 is required 
for household consumption. Exactly the same number 
of deferred-fed calves and litters of pigs are included 
in the plan for year 5 as in the plan for year 4. There-
fore, the two plans differ only in crop enterprises. 
In year 5, only corn and hay are grown because oats 
are not required as a nurse crop. Since crop produc-
tion in anyone year is partly interdependent with 
crop and livestock production in previous years, more 
forage (7.5 tons) is produced than is required by 
the livestock within the calendar year. The limiting 
resources in year 5 are Land A, Land B, hog build-
ing space and July-November labor. Hog space re-
stricts hog production, while labor restricts cattle 
numbers. The land restriction, of course, limits further 
crop production. Discounted net return, after sub-
tracting family living expense, is $5,861. Discounted 
net return is higher for year 5 than for year 4, even 
though income is discounted for a longer time, be-
cause of increased corn acreage. Surplus capital in 
year 5 amounts to $5,192 and could be used for the 
purpose previously mentioned. 
Over the 5-year period, discounted net returns, 
after subtracting family living expense, total $22,975 
in Plan III, an increase of $6,224 over Plan I, and 
$1,684 over Plan II. Yields are higher in this plan 
than in plans I and II because of the inclusion of crop 
fertilization and terracing and contouring. As a result 
of the higher yields in Plan III, fewer acres of forage 
are required per unit of livestock produced. In year 
1, because of the additional cost of contouring and 
terracing and because cattle are less profitable than 
hogs, only crops and hogs are produced. In years 2, 
.'3, 4 and 5, increased capital allows cattle production 
to be included in the optimum 5-year plan. In Plan 
III, as in plans I and II, the farm firm and household 
are h'eated as a single economic unit. The plan thus 
specifies the best combination of crops and livestock 
over a 5-year period after an allowance has been 
made for family living. 
While the addition to discounted net income is 
slight under Situation III, this increment is possible 
even with less capital than in Situation II. Total 
operating capital used over the 5 years is $60,429 
under Situation II and $57,974 under Situation III. 
Some of the capital is used for terracing under Sihla-
tion III. This practice allows somewhat higher yields 
and thus contributes to income but restricts livestock 
investment through the limitations in labor supply. 
The capital added for terracing is less than the reduc-
tion made for livestock. On the other hand, the income 
added through terracing is less than the income re-
duction brought about by a slight reduction in live-
stock enterprises, when Situation III is compared 
with Situation II. 
In comparing plans for the three situations, it is 
obvious that a much larger increase in income for 
the farm as a whole-given the resh'ictions on labor 
and other resources-is attributed to the fertilization 
practices than to the mechanical conservation prac-
tices. Addition of fertilizer, under Sihmtion II as 
compared with Situation I, allows a shift of farm 
organization in more profitable directions, and less 
forage need be produced as a means of providing 
fertility in corn land and for cattle feeding. In years 
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where capital limits production, it allows more corn 
for cash sale. (Corn is a more profitable cash crop 
th:m hay. While the mechanical erosion control prac-
tices added in Situation III cause income to increase 
somewhat, the income increment for the farm as a 
whole, within the resource restraints, is not nearly 
as great as when fertilization is added under Situation 
II.) Return per $1 of investment, however, consider-
ing shifts in organization of the entire farm, is great-
est for the terracing effects under Situation III as 
compared with Situation II. 
IMPLICATIONS OF FINDINGS FOR 
CONSERVATION PLANNING 
The optimum plans shown in this study point up 
important considerations for future conservation plan-
ning. The same crop and livestock plan should not 
be recommended each year if profit maximization 
over time is the relevant goal. This is so because, in a 
long-run conservation plan, the years are interrelated, 
and changes in resource structure over time, particular-
ly in the accumulation of capital and in soil fertility, 
cause a different plan to be optimum each year 
until an equilibrium plan is attained. Thus, production 
possibilities in the plans for the first year are de-
pendent on those which exist in the second, third, 
fourth and fifth years, and vice versa. 
Although the current study presents plans for only 
a 5-year period, these same interyear planning cOn-
siderations would hold true for conservation plans 
for a 10- or 20-year period; crop and livestock activi-
ties in each of the 10 or 20 years should be inter-
related. Clearly, there is a need for more research 
to provide conservation recommendations which out-
line step-by-step plans which do give consideration 
to the level of capital and soil fertility over a multi-
year period. Also, since expenditures fO,r household 
consumption on most farms draw from the same cash 
fund as those for farm production, family living ex-
penditures need to be taken into consideration in 
time plans. This becomes especially important when 
making conservation recommendations to farmers who 
are short on capital. For example, profits may be 
maximized over a period of years by the production 
of cash crops in the early years of the conservation 
plan in order to meet family living requirements 
and build up a capital fund which will allow the 
introduction of conservation practices 'during the 
latter years of the plan. Clearly, conservation recom-
mendations need to consider the farmer's capital 
position and the cash requirements of household con-
sumption if the conservation plan is to be adopted. 
There is no point, for example, in recommending the 
planting of forages or terracing and contouring of 
cropland if the farmer has very few livestock and 
needs most of his capital for family living, even 
though these practices would increase his income in 
the long run. 
Likewise, changes in soil productivity over time 
need to be considered. Profits may be maximized 
over a period of years by using the' most productive" 
land for grain production while the "poor" land is 
used for hay production in the early years of the 
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plan, thus building up the productivity of the "poor" 
land, and at the same time, decreasing income as 
little as possible in the early years of adoption of 
the conservation plan. In the latter years, because 
of previous forage crops, the "poor" land will be 
more productive and can be used for grain produc-
tion, while forage can be grown on the "most pro-
ductive" land to maintain its productivity. (In the 
optimum plans for the 160-acre farm, tables 11, 12 
and 13, the "most productive" land was used primarily 
for grain production in the early years, while the 
"~east productive" land was used for hay production.) 
In addition, if livestock are to be included in the 
conservation plan, they should be "fitted into" the 
plan in such a way as to use the forage produced. 
Finally, because size of farm and the amount of 
available resources vary between farms, different 
conservation plans should be recommended for dif-
ferent farms. This, of course, would be done if the 
goal of the long-run conservation plan was profit 
maximization, because it would consider each of the 
years to be interrelated and would treat the farm 
firm and farm household as an economic unit. 
'REFINED DYNAMIC PHOGRAMMING MODELS 
Dynamic programming procedures have been used 
in this study to define a sequence of yearly plans 
which provide an optimum over-all plan for a 5-year 
period. The model employed is relatively simple, but 
in this respect parallels, in terms of refinement, those-
which farmers might use. It has illustrated, however, 
'that the empirical procedure can be used to provide 
dynamic plans for farmers. As a dynamic plannin?: 
mechanism it might have use in fann plans tested 
and recommended by such organizations as the Soil 
Conservation Service, the Extension Service and the 
Farmers Home Administration, as well as greater 
application in research. Use of this study for develop-
ment of the model used, the construction of pro-
gramming routines for the IBM -650 and the elimina-
tion of problems of coding and other empirical steps 
should extend the magnitude of farm problems which 
can be. analyzed by dynamic programming approaches. 
The high cost of computations at the time this 
Shldy was initiated caused several refinements in 
the model to be eliminated. Improvement in pro-
gramming routines and coding procedures, however, 
now would make them possible. Some improvements 
which might be included in future studies are out-
lined here. The length of the planning period used 
was only 5 years. Some specialists on farm decision 
making suggest that crop and livestock plans do not, 
because of uncertainty considerations, extend beyond 
it time span of this length. Five years were used in 
this study largely because of the limitations of com-
putor capacity. In subsequent studies, it should be 
possible to extend the time period to 10 or 20 years. 
Plans should be made extending over petiods of 
varying lengths so that plans can be specified for 
farmers with planning horizons of varying length 
before them. Similarly, optimum plans should be 
made using different discount rates. 
Household activities included in this study were 
relatively simple. Living expenses were "exogenous" 
to the determination of yearly plans, since they repre-
sented a restriction which had to be met "exactly" 
in each year. Farm plans were, in the competition 
for capital, different from what they would have been 
in the absence of the consumption activities, especially 
in the early years of situations I and II. The combina-
tion and magnitude of household activities in the 
over-all plan, however, were not determined by the 
nature of the farm plan. (The household activities 
only helped determine the nature of the farm plan.) 
Nevertheless, procedures can be used which allow 
both household and farm activities in the over-all 
plan to be interdependent with each other. 
A simple way to accomplish this end might be to 
include several consumption activities in each yc.'lr .. 
One of these might represent basic living needs and 
would constitute a resh'iction to be met in each year. 
Of course, it need not be a constant amount each 
year, but might well change between yeal's, depend-
ing on the composition of the family and the ages 
of members. It would still represent a restriction 
affecting the farm plan, but would not be affected 
by the farm plan. Additional consumption activities 
for each year, however, with prices representing fam-
ily values attached to them, might be added with 
restrictions of relevant magnitude. Whether or not 
these latter consumption activities are included in 
the final plan would depend on their "interaction" 
with the farming activities. For example, if the "price" 
attached to one of these consumption activities was 
4 percent on each dollar of funds used, scarce capital 
would be allocated to production when a farm enter-
prise returned more than this amount. But if the re-
turn from farm enterprises were less than 4 percent, 
funds would be allocated to the consumption activity. 
Other consumption activities and related restrictions 
could be added, and each could have a different 
value attached to it. While this procedure does not 
a.llow incorporation of an indifference curve into the 
analysis, it does provide a simple substitute for the 
more complicated procedures of nonlinear program-
ming. 
The magnitude of the time-programming problem 
analyzed in this study was limited by the capacity 
of the calculator available. With greater machine 
capacity, more years and activities could be included 
in the model. The time period programmed should 
be long enough that it begins to "suggest equilibrium" 
in yearly plans. While subsequent programming stud-
ies have indicated that this might be attained in 5 
years under farm ownership and ample capital, the 
current study included only this number of years. 
Hence, we have no basis for knowing the degree of 
stability in the plan at the end of the period. For 
example. if more years were included, would the 
combination of crop and livestock enterprises be about 
the same as those indicated, or would they continue 
to shift toward another pattern? 
The model employed here is one of comparative 
statics, in the sense that time is involved, but future 
quantities are assumed to be known with certainty. 
Use of stochastic programming models would over-
come the limitations of this assumption but are too 
complex, in a computational sense, to allow analysis 
of meaningful dynamic problems with machine facili-
ties now available. 
The objective function used in this study was one 
of maximizing discounted net returns, within the 
framework outlined earlier. For some conservation 
problems, a relevant objective function would be 
maximization of capital value over the planning period. 
In this case, the value of capital (including apprecia-
tion in assets through such things as greater invest-
ment in livestock, increased casK balance and build-
up in soil fertility, as well as income withdrawn in 
individual years) would be discounted back to the 
present. This system would give added emphasis to 
cropping sequences which increase the productivity 
of land over the planning period. 
This type of objective function, however, may not 
be appropriate for periods of time as short as the 
one considered here, especially where the operator 
plans to continue farming at the end of the period. 
The 5-year time period was used not only because 
it gave rise to a programming model taxing available 
computational facilities, but also because it was 
thought that farmers in western Iowa generally do 
not plan crops and livestock beyond a 5-year period. 
In fact, some persons acquainted with agriculture 
would argue that farmers are prone to "break the 
planning chain" after each individual year. 
To the extent that farmers do consider profit maxi-
mization over a single year ahead, this sequence of 
plans would be derived best by making up an inde-
pendent optimum plan for each year, with the re-
sources available in the subsequent year depending 
on those supplied or "left over," somewhat as "wind-
falls," from the previous year's plan. It would appear 
that a more appropriate sequence of plans would be 
one which does cause all years to be interdependent, 
at least over a limited time span. The planning pro-
cedure may be of a "moving average" nature. A 
plan may be made up in year t for the next 5 years, 
but revised for 5 more years after results from the 
first year are known in year t+l, with the same 
procedure followed in years t+2, t+3, . . ., t+n. 
Models are being developed to allow these changes in 
planning and will be applied in later studies. 
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